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ABSTRACT 


The purpose of this study was to dscertain the extent to which 
students' perceptions of the proportionality schema are related to 
achievement in introductory chemistry. A total of 309 Grade 10 
students comprised of an ALCHEM Materials sample (N=168) and a CHEM 
Study sample (N=14), enrolled in nen senior high schools, 
was tested under normal classroom conditions during the 1976 spring 
semester, 

A set of four collectively administered Piagetian Tasks (PT) 
served as a measure of students' cognitive functioning level. Two 
equivalent forms of a General Proportionality Test, GPT(A) and GPT(B), 
served to indicate students' performance on general proportional 
reasoning. Four subtests of a Chemistry Proportionality Test (CPT) 
deait with the topics: Nomenclature and the Writing of Formulae, 
rr { le ChemicainReactions),;< CPT (2)s5* the MoliesConcepts,) GPii(a)ywand 
Gravimetric Stoichiometry, CPT(4). A Chemistry Achievement Test 
(CAT), covering all sections of the Chemistry 10 program, provided a 
general measure of achievement in chemistry. 

In terms of cognitive functioning, the total sample (N=309) was 
classified as: concrete operational, 89 students (28.8%); transi- 
tional, 69 students (22.3%); early formal, 84 students (27.2%), and 
late formal, 67 students (21.7%). The existence of a prevalent 


Semana inane 


‘For purposes of the study the term 'Piagetian' is attached to 
these tasks. However, in view of the nature and format of the tasks 
in relation to classical clinical Piagetian tasks, the investigator 
notes a more appropriate term might be neo-Piagetian Tasks. 
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‘additive’ mode of reasoning associated with concrete operational 
thinkers was noted with respect to selected proportionality tasks. 

Significant correlations were found to exist between proportional 
reasoning in chemistry (CPT) and (i) achievement in chemistry (CAT), 
(ii) cognitive level (PT) and (iii) proportional reasoning in a 
non-chemistry context (GPT). Instruction in proportional reasoning 
in chemistry did not appear to enhance general proportional reasoning. 
Regression analysis to predict chemistry achievement (CAT) found only 
the chemistry proportionality subtests significant predictor variables. 
Eeprincapal factor solution identified three main factors, the first 
associated with the CPT subtests and achievement (CAT), and the second 
with the Piagetian Tasks (PT). The third factor contained high loadings 
for the verbal reasoning and analogy items on the two forms of the GPT. 
A significant chi-square in favor of the boys was noted between sex 
and cognitive level. 

Related findings failed to detect a hierarchical structure 
associated with general proportional reasoning. However, results 
relating to proportional reasoning in a chemistry context supported 
an hypothesized sequence of capabilities (conversion > ratio > direct 
proportionality). Three areas of problem solving in introductory 
chemistry (mole relationships, interpretations of chemical equations 
and the use and effectiveness of dimensional-analysis) were discussed 


in relation to preliminary findings of the study. 
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Chapter I 
THE PROBLEM 


Introduction to the Problem 

Curriculum reform in science programs at the secondary level led 
in the 1960's to an increased emphasis on the structure of the subject 
matter. Somewhat lesser concern has been expressed for the organization 
of science curricula on the basis of knowledge about the students! 
cognitive development. If curriculum planning is to respect the 
sequence of cognitive development of students in general, and of 
individual students in particular, more information is required about 
the nature of cognitive development as it relates to specific aspects 
of the science curriculum. Research on cognitive development in 
science education has the potential to provide much needed detailed 
information about the students' thought processes or cognitive 
Seracecgies in relation to the development of basic scientific concepts. 
Rather than merely using science content as a convenient subject-matter 
vehicle to test various psychological notions, the emphasis of 
research in science instruction should be directed towards more basic 
science-specific studies, with clearer implications for classroom 
practice. 

Shulman and Tamir (1973) claim an increasingly strong need for 
this type of basic research: 

Such science relevant basic research would be on a 

topic like the cognitive development of science relevant 

concepts in young children, e.g. cause and effect, space, 

time, momentum. This sort of research is clearly in the 

tradition of Piaget. The purpose would be to identify 

some general normal expectations for the evolution of 


particular concepts around which curriculum developers 
and program writers could plan their creative endeavors 
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While Piaget and his co-workers have identified a sequence of 

mental actions leading to students’ understanding of principles and 
relationships in several phenomena commonly taught in high school 
science courses, Piaget's main developmental sequence lacks the 'fine 
structure’ required to be truly helpful in detailed curriculum 
development. Fine structure studies attempt to identify character- 
istics of the student's thought processes within a stage or substage 
of cognitive functioning specific to a given concept or principle and 
could prove useful in supplementing Piaget's more general descriptions 
of child thought on scientific concepts. 

The Piagetian stages of intellectual development provide a broad 
diagnostic tool for the design evaluation of school curricula in terms 
of the cognitive functioning level of the students. More specifically, 
within a given developmental stage the schemata described by Piaget 
provide a means to identify the types of understandings and thought 
processes available to individual students. These schemata, or mental 
structures, represent in Piaget's view the products of progressive 
internalization and symbolization of actions. These internal structures 
are thought to be hierarchically organized with the earliest schemata 
oes physical actions upon the child's immediate environment. Through 
a series of more and more complex stages, the child is gradually able 
to free his thought processes from the motor activities upon which 
they are based. Each stage of schemata contains the preceding stage 
within its organization, but the earlier schemata are broadened, become 
more complex and are enriched by interaction with other schemata. The 
new level is a sensitively balanced 'equilibrium' of interlocking 


mental structures involving such transformations as identity (T)s, 
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negation (N), reciprocity (R), and correlation (C), the so-called INRC 
Group. 

At the highest level, that of formal operational thought, the 
subject becomes capable of grouping the above transformations into a 
single system (the INRC Group). While Piaget's analysis of adolescent 
reasoning makes use of two particular realizations of the four group, 
the hye INRC group and the physical INRC group (Flavell, 1963, 

p. 215-216) the present discussion is limited to the physical INRC group 
described in greater detail in a later section. 

Piaget maintains that all operational schemata at the formal level 
owe their existence to the evolution of the general lattice-group 
structure, the ‘structure d'ensemble'. The eight formal schemata 
described by Piaget to analyze formal thought (Inhelder and Piaget, 
1958, p. 318-329) represent certain substructures within the general 
structure d'ensemble, each one related to the group-lattice totality. 
The two abstract models of adolescent reasoning used by Piaget, the 
INRC group and the 16 combinatorial system, are said to derive from 
this general lattice structure. 

The schema of proportions is one example of such a schema and its 
derivation is said to be directly related to the INRC group structure. 
That is, in its fullest sense the proportionality schema manifests 
itself in terms of the integrated INRC group structure. 

Experiments conducted by Inhelder and Piaget (1958, Ch. 11-13) to 
_ investigate the role of the proportionality schema in adolescent thinkers 
dealt with selected physical phenomena — the balance problem, the 
inclined plane, the projection of shadows and centrifugal force. While 


the proportionality schema has received some attention in the iveidror 
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mathematics (i.e. ratio, proportions, fractions) its role in under- 
standing of selected chemical concepts remains virtually unexplored. 
The present study is designed to investigate the role of proportional 
reasoning in introductory chemistry at the high school level. More 
specifically, the areas of chemistry which will be examined include 
nomenclature and the writing of formulae, chemical reactions, the 


‘mole' concept and gravimetric stoichiometry. 


Formal Thought and the Proportionality Schema 

This section discusses the proportionality schema in relation to 
formal thought and the transformations of the INRC physical group model 
and serves as background for the later section dealing with the applica- 
tion of proportional reasoning to chemical concepts. 

The term 'schema' as used by Piaget indicates the general structure 
of actions or operations. A 'schema' is the generalisable aspect of 
coordinating actions that is applied to analogous situations. Hence we 
can speak of a schema of ordering, a schema of classification, a schema 
of probability and a schema of proportionality. As one of the eight 
formal operational schemata described by Piaget (Inhelder and Piaget, 
1958, p. 307-329), the proportionality schema is the internalized 
structure or mental representation which enables the student to act on 
the mathematical equality of two ratios, e.g. a/b = c/d. The propor- 
tionality schema is operational in the sense that it directs the 
subject towards a specific action or transformation upon a given domain 
of objects. The proportionality schema provides the mechanism for the 
individual to equate two or more ratios in order to determine their 


equivalency. The ratio may arise from the manipulation of concrete 


~ 


a haa at! Sot azt Ceostasbet | enobdseqots ore eae * 
"i ne sheroieeany ¥ Chstitiiv: aniames eiquemoo: Leodmane versei set 3] 
ay on to Hoe ait cod; teeounr’ at hengtea ena 
R | ‘oe feye!l leona fysa elt ts eeadeampaly yO 
sbuneat “pea tax od Ttiw dobkw peFeimots' Fo «sa 

‘pay encttaaset. Lavinad= ae Woes to ec itp sAtSGr 


~ 


~yittomotdarese 2intenive tg hie Saaee 


emigtiod ysl Br et ttodo® ant baal 4 


Gt Muiyaler ni amedsz ytilenpis«oqotd off ans aril ' . 
Lebo qtictss ickenith DAML sly ho. ssatieaeiean 2 gat Sas | 
eeoriuee ont Atiw giilesh nortose torsion? Ty carat 

sesqggNe: lanteera, D3 AITETOE RR qoatey ae 


exusoirrs: Lersnhe: ont 2a dy in! oqclt Oh Bea en snail — es 
26 $3gqeHn pene t bpsPoms els ef ‘saeylpey a ea : 

ow Soret —.2roirnus iz Zitdoaibina on Be Se 2b. Sala siotneg 
Chibine 5 Mbitpaesests Yo sarioe o .yrersbde 2 amedwte Be: 

| 2gie Sf? toeeo ch Pi cdoissuqont 1d Saeiiloe & 
; jetagas ons rebisdrt) rage “d nediweeeb: sil 
iy - Besiizaroynt sis si dette (32 Tenet Stoqomg ats (0-0 
“yf 8 08 ‘Snbbesa.ont ag ides Ad azig ro #aaireeeirger Leacom a 
Frage 2 ibs =d\8 10.6 J20Pit on bad Viiloupgs Haag ‘aan 
it tgaezle +1 tees. Sarre ie fut ate zt E 


va 


air 
fai 


Ba . 
b OF. Tabto ri 208582 aca 0 ont agate P de 


* mopapsiyian on? mors ola et ovat oat bas 


wore 


7 iy 


vr wi" aw mre 


objects, as in the case of the paper clip tasks used by Karplus (1972, 
1974) or it may arise from symbolic manipulation as is the case when 
algebraic notation is used in numerous proportionality expressions. 
However, whether the origins are concrete or abstract, the transforma- 
tions of the INRC group model discussed below, particularly the 
transformations of inversion and reciprocity, are necessary for the 
schema to become fully operational. 

In discussing formal thought it is convenient to view the 
adolescent's cognitive abilities in relation to a continuum ranging 
from the more general (the structure d'ensemble or integrated 
group-lattice structure underlying all formal thought) to the more 
specific or task-linked concepts used by adolescents in solving 
particular problems. Formal operational schemata, as a set of concepts 
or special operations, represent an intermediate level of generality 
(Inhelder and Piaget, 1958, p. 308, 309). Hence while each operational 
schema may have application to a specific problem under consideration, 
the schemata themselves have more general utility and reappear in 
varied situations and with reference to diverse problems. This 
susceptibility to varied applications is well illustrated by the 
proportionality schema in which the inversion and reciprocity 
transformations of the INRC group structure play so prominent a role. 

The range of applicability of the proportionality schema has been 
examined by Inhelder and Piaget in four different experiments: 1) a 
simple balance experiment, where distances and weights compensate each 
other; 2) an inclined plane experiment, where inclinations and weights 
are involved; 3) the projection of shadows where diameters and distances 


compensate each other, and 4) a centrifugal force experiment where 
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weight and distance from the center of a disc compensate each other. 
Although derived from both lattice and INRC group structures (especially 
the latter) the proportionality schema manifests itself in all these 
problems in the form p, p*, q, q*, where p and q are the defined 
operations on a system and p* and q* are the corresponding negated or 
reversed operations. 

Physical systems whose transformations exhibit this INRC group 
erructure: are of the type described below. The system first of all 
contains two distinct and different operations p and q, respectively. 
For instance in the balance problem, one may depress one arm of the 
balance either by adding weight to one arm (p) or by increasing the 
distance of the weight from the fulcrum (q). The corresponding opposing 
_actions are decreasing the weight (p*) and decreasing the distance from 
the fulcrum (q*) in one arm. One expression of the proportionality 


schema is therefore: 


That is, an increase in weight is to a decrease in weight as the 
increase in distance is to the decrease in distance. In a series of 
experiments Inhelder and Piaget have presented children of concrete and 
formal operational ages with a number of problems involving physical 
systems of the p,p*,q,q* type (Inhelder And Placety, Toso, (Cilee Saree. 
11, 13). The INRC group, in its physical system realization, is really 
a statement of the way in which p,p*,q,q* interrelate as a system 
(Flavell, 1963). 

The interrelationships among p, q, p* and q* are of particular 


interest to Piaget in physical systems involving the above transformations. 
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Central to his analysis of adolescent thought is the manner in which 
the two complementary forms of reversibility — inversion and recipro- 
city, come into play. 

The negation (or inversion) operation involves the literal cancel- 
ing or undoing of an operation (p negates p* etc.). For example, in 
the balance problem addition of weight to one arm is negated by removal 
of weight from that arm. Reciprocity, however, represents.another quite 
different form of reversible operation. Although any reciprocal opera- 
tion has the same ultimate effect as the negation operation it is 
achieved by a different route. There is reciprocity when transforma- 
tions performed in opposite directions do not annul each other but 
rather compensate or neutralize each other by posing a symmetrical 
equal-and-opposite counterforce. For example, the addition of weight 
to one side of the balance is the reciprocal transformation of adding 
weight to the other side because it neutralizes its effect (é52..q" 
Meetne reciprocal of p). The quality of action and reaction 1s the 
general form of this compensation by reciprocity. At the level of 
formal operations these two forms of reversibility are said to be 
integrated into a single system, the INRC group. That is, the INRC 
transformations as an integrating group structure may be used to 
describe the properties of the proportionality schema. If a weight 
destroys the balance, the weight can be taken off (negation), or an 
equal weight can be added at an equal distance on the other arm 
(reciprocity), or a heavier weight can be added closer to the fulcrum 
or a lighter weight further away (correlativity), or all the weights 


can be removed to restore the balance to equilibrium (identity). 
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Piaget maintains that before a system of proportions comes into 
play, that is, before a subject arrives at the calculation of numerical 
relations, he isolates an anticipatory schema for qualitative propor- 
tionality (Inhelder and Piaget, 1958, p 316). This qualitative schema 
of logical proportions corresponds to the global intuition of propor- 
tionality with which the subject begins in the earlier phases of the 
development of the schema. In the balance problem this initial qualita- 
tive schema is based on the reciprocity of weights and distances. Once 
the two forms of reversibility are acquired, the subject can insert the 
numerical values which are furnished by his measurements, thus leading 
to the discovery of metrical proportions. 

The four trans formations I, N, R, and C of the four group described 
by Piaget (1950, 1958) correspond to the elements of a true mathematical 
group under the operation of multiplication or combination (Grossman and 
Magnus, 1964). That is, under the binary operation of multiplication, 
the set of four transformations constitute a true mathematical group (G) 
such that the following axioms are satisfied: 

1. Associativity: For any elements I, N, R, OTe. Ofte, 

N(RC) = (NR)C 


2. Identity: There is a unique element I in G such that, for 
every element of G, 


PNP ONT 22) Kou [Rea RI = Roget. 


For any element of G, there exists a unique 


3. Inversion: 
element such that, 


N(N'?) = (NU)N=1, R(R*) = (R “)R = TF. 
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At the formal level, stage III, subjects become able to understand 
transformations by inversion (N) and reciprocity (R) and to group them 
mtoea single system (I,N,R, and NR = C). This possibility of reason- 
ing in terms of a group structure (INRC) indicates at least an intuitive 
mmaerstanding of the equalities NR = IC, RC = IN, NC = IR, etc., the 
equalities between the products of two transformations. 

According to Piaget the notion of metric proportionality does not 
appear until the formal substage IIIA, and only rarely appears before 
Substage IIIB (Inhelder and Piaget, 1958, p 173)... This finding also 
@ppears) to be the case in*tasks other than the balance scale experi- 
ments. (Inhelder and Piaget, 1958, p 177). 

An earlier study (Wheeler, 1973) into the nature of misconceptions 
held by secondary high school students in the area of chemical equilib- 
rium attempted to associate specific transformations of the INRC group 
model with selected problems in chemical equilibrium. However, since 
the INRC transformations form a group in the mathematical sense, with 
each operation bearing definite relationships to the others, difficulties 
are encountered when one attempts to associate a given problem or test 
item with a single transformation. Although the integration of the two 
notions of reversibility were found to be fundamental to the understand- 
ing of chemical equilibrium, several items used in the previous study 
could not be associated with any single transformation of the INRC model. 
Rather than attempt to apply specific INRC transformations to selected 
concepts in chemistry involving proportional reasoning, the interpreta- 
tion placed on the INRC model in the present study is in relation to the 


understanding of certain chemical equalities which may involve the INRC 
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group transformations. While the ability to reason in terms of a group 
structure is seen to involve the understanding of the chemical equivalen- 
cies outlined in the following section, the nature and limited scope of 
topics covered at the introductory high school chemistry level prohibit 
a more definitive investigation of other possible transformation equal- 


ities analogous to those inherent in the INRC model. 


Proportional Reasoning in Chemistry 


In attempting to relate the schema of proportionality to selected 
concepts in introductory high school chemistry, four major areas of 
investigation have been identified. 

1. Chemical nomenclature and the writing of formulae. These 
topics are normally introduced early as basic tools for further appli- 
cation in more advanced areas in chemistry. Forms of proportionality 
exhibited at this level are related to the basic laws of chemical 
change (Law of Definite Proportions, Law of Multiple Proportions) and 
to fundamental aspects of the nature of matter (e.g. atomic masses). 

To illustrate, atomic masses are based on the isotopic composition of 
elements and may be said to represent a proportional average. 

Consider also the numerous instances in which students apply basic 
rules to obtain chemical formulae for specific compounds. Given the 
chemical symbols and valences for the ions concerned, the student 
determines the simplest whole number ratio of ions such that the net 
sum of ionic charges is zero. The numbers representing the simplest 
whole number ratio of ions are written as subscripts in the chemical 
formula. For example, calcium chloride is written CaCl>o since 1:2 is 
the simplest whole number ratio required to achieve a net electrical 
charge of zero. Formulae for other ionic binary compounds (e.g. Al203, 


K2S) and those involving complex ions (e.g. Ca(C103)2, Ba(Br03)2), are 
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determined in like manner. 

It is important that the student recognize the invariance of the 
combining ratio as given by the simplest or empirical formula. This is 
especially important when dealing with ionic solids where the number of 
ions of the given elements in the aggregate may vary without affecting 
the fixed ratio of ions. It seems unlikely that the study of chemistry 
and chemical transformations can begin until the student acquires the 
notion of invariance of chemical substances (i.e. composition) in spite 
of certain physical or other superficial changes that may be observed. 
The chemical invariance of certain substances under the action of heat, 
for example, appears fundamental to the understanding of physical 
changes and their relationship to chemical changes. 

2. Gravimetric stotchtometry. The study of quantitative relation- 
ships implied by a chemical reaction (stoichiometry) contains a number 
of instances in which proportional reasoning is of central importance. 
In particular, the concept of the 'mole' has wide applicability in this 
area and serves to illustrate a number of types of proportionality 
problems. 

The concept of a gram-molecular weight of a substance (mole) or 
molar mass is usually presented at an early stage in introductory 
chemistry at the high school level. Often the mole concept proves to 
be a troublesome one for students. Part of the difficulty may 
arise from the fact that while a mole constitutes a certain mass for a 
given substance, the real significance of the mole is more useful when 
connected with a number of particles (Avogadro's number of atoms, ions, 


molecules, etc.) rather than their mass. That is, while the actual 
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mass of a mole varies for different substances, the number of particles 
remains invariant. Furthermore, in the case of gaseous substances the 
mole is often dealt with in terms of a given volume under standard 
temperature and pressure conditions. Clearly conservation concepts (i.e. 
conservation of mass for particular substances, conservation of number 
and volume for all substances) are prerequisite schemata for the 'mole' 
application in chemistry. Consider the example where different sub- 
stances are presented to a student and he is asked to determine what 
weight of substance A contains the same number of molecules as a given 
weight of substance B. Given the molar masses of the respective sub- 
stances, and realizing the invariance of the number of molecules 
represented by a mole, the student will be able to set up a simple 
proportion to obtain the answer involving the proportionality schema. 
Stoichiometric problems dealing with the mole concept may be con- 


veniently categorized into three main types: 


i) Converston problems 


Here students given an initial mass convert directly to moles of 


a substance (A) using the relationship, 


mass of A grams 


molar mass of A grams per mol. 


moles of A = 


Conversely a number of instances require the conversion of a given mass 
of substance (A) back into moles as given by: 
mass of A = (moles of A) x (molar mass of A). 
In relation to transformations of the INRC group discussed earlier, 
the notion of reversibility seems particularly relevant for students’ 


ability to apply proportional reasoning when dealing with conversion 
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problems of this nature. For example the operation of decreasing the 


mass of a given substance has a negating (or inversion) effect on the 
number of moles present. However a similar decrease in the number of 
moles could result via a reciprocal operation for the same mass of 
substance, if the substance dealt with possessed a greater molar mass. 
The realization of these two forms of reversibility (negation and 
reciprocity) leads to a firmer understanding of the pteding concept and 
its application to a number of areas in chemistry. Less frequent but 
equally important conversions may require the expression of moles in 
terms of volumes under certain conditions (e.g. when dealing with gase- 
ous substances) or in terms of the number of particles (ions, atoms, 
molecules, etc.). 

ii) Ratto problems 

Replication of the mole concept in gravimetric stoichiometry is 
often discussed in relation to the reacting mole ratios implicit in a 
balanced chemical reaction. Consider the chemical equation represented 


by: 


aA + bB = cC + dD, 
where a, b, c, and d represent the numerical coefficients of the bal- 
anced chemical reaction. Here the mole is treated in terms of a reacting 
ratio dependent upon the substances involved. ‘That, 2s*_ insthisecase.’ av 
Moles of substance A reacts with 'b' moles of B to form ‘c' and 'd! 


moles, respectively, of the products C and D. 


Given, for example, x moles of A, the number of moles of reactant B 
required for reaction is determined by taking into consideration the 


mole ratio in which the two reactants combine, namely 


none 


ae 


~ 
x 
i 


v sale gatenceoes 30 nether sqo 888 segpnene: act ae 


“git ho TIAte (hotesait sh) .prbtagnay s eee ena t2dUa J 
he: eoriasn wyatt i} seratsab nabiaté. " nape Satins | zs 
i eee ser? sit zo apt tesco: eediin ta te & aye 
adam — sotsouy. 3 neaeeres: ati rhnals onanreda oi 
_ moitenac) a EE idintaver to eons ow? sant: to 


bite jyesttos Volsm" wits: 20 onsnanerein eave» oP iinet 
‘Sud aprarpes® van Heats paeiio at acta fo 199 2 om 
Fits rohan en saiszorgxe oS ociupet you 2ROs ETSROD 
-oany itive guileab werd ays »} epettipnes aie ttsa tobe 4 
eT < Seok} eslartiad Yo Todgum | iol y 2) — hi to-(e 

| Aad 
cael tbe SAM 

“Bh eetematAoto.- otefemtysets 2: tgoSan7 ars amt tonne oa 
Sf Finhiqni soisex ofort Av it: bor ott G¢ goftahes ab ¥ 
Ea eee motzsupe Issiaei> sont Ah aS MOLTO aa 


my ie 

aa 

| (7 
ne 

» @ Se 

vs 

a, 


| Qh +00 + tea 
| =[ed ols 29 atdatoRM¥ens {soi rsmun oft téozexger W baa) oo ar * 
7 we @ Yo wpses wi bother? ci sion oft o6eH .mokioaer : | 
on eit of yet Seif ,bevicval essnatedse ott acay 


4 39 atom * mpi 
cis grika  toatggay ee gkaamen re 


wlomem ,onbdeoo cinstonex “owt od doidw ae 


ee 


moles of B _ b 


moles of A a‘ 
Hence the required number of moles of B required for reaction with x 
moles of A is given by, (x moles of A) x (mole ratio, 2). 

In addition to the more obvious numerical relationships required to 
solve quantitative problems of this nature, the student must be able to 
freely move from a microscopic or molecular perspective of the reaction 
(as implied by the balanced equation) to the more frequent macroscopic 
or molar interpretation normally associated with laboratory work. That 
is, the impracticality in most cases of discussing individual atoms or 
molecules in a reaction entails an implicit understanding of cre lid 
proportionality existing between the molecular and molar connotations of 
a chemical reaction. Unless the student understands that the number of 
particles represented by a mole of any substance (Avogadro's number or 
6.02 x 107%) remains invariant, this relationship will undoubtedly be a 
major source of difficulty. Certain items of the Chemical Proportion- 
ality Test (CPT) used in the present study are designed to measure 
Students' understanding of the relationship between the micro and macro 


interpretations associated with chemical formulae and equations. 


iii) Proporttonality. problems 

Proportionality implies the understanding of the equality of two 
Susy According to Piaget the discovery of the equivalence of 
two ratios is intimately related to notions of inversion and reciprocity 
found in the INRC group model and does not occur before the formal level 
(Inhelder and Piaget, 1958, p 314). In introductory chemistry, a number 


of examples of the proportionality schema are present in the form p,p*, 
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q,q* described by Inhelder and Piaget. This schema of metrical propor- 


tions implies an equivalence between ratios such that: 


af Pee Pe then Poe 2. 
q 4q Peer: 


Using the previous illustration from chemistry, 
aA + bB = cC + dD, 
a number of proportions consisting of equivalent mole ratios can be 


obtained, e.g. 


si 
b 
The realization of the equivalency between respective ratios as 

determined by a balanced chemical reaction appears prerequisite to a 
sound chemical understanding of stoichiometry. This would apply in 
instances where stoichiometric problems are presented both in terms of 
a fractional approach where chemical calculations are treated in terms 
of algebraic expressions derived from balanced chemical reactions or in 
terms of reacting mole ratios. The present study attempts to assess the 
relative effectiveness of both approaches to the treatment of propor- 
tionality in stoichiometric calculations. Items Of the™Chemistry 
Proportionality Test (CPT) used in the present study are designed to 
investigate students' perception of the proportionality schema in both 
areas. In addition to ascertaining whether or not these components of 
the proportionality schema are hierarchical in nature, the test items 
serve to measure students' ability to separate variables in a chemical 
context. The inclusion in the present study of the General Proportion- 
ality Test (GPT) which consists of items measuring aspects of the 


proportionality schema similar to those in the CPT will serve as a 


na 
Bigot tevixion to susie eit ,. reget" ae a 
eais qoue ebiter aswIed sor ley Rpe Re 
B.S ds gilt 
oy *, ; 
= TS. Tote 2 toOxT ee Cee oa | ap oe Eu Ey At: 
iy - 

7} 
WW 


~ Pee tye ay <c cy) LES? TeOD. 2Rers Tas 
eh ao 2Otsey Sliver sis lay Gps To ge ; : iia | an 


:. a ae | a ‘ 
os ae 
ne cry, “ 4 


Bi Shitex avidouqen’ soowsal “oNnSLsringe S10 ste 
av‘vnts A0Lwopsr [s>hesdovkegnyiad & “a4 va 
; ‘lt 


tq Hobras 


8 of stizen PRIEST c 


ey 


— 
4 


i eigen Gleow ain! srrromobdyiote te gatamage nebras: earn 


he Pe 


“eq Dita so ioiosta sot 


To 


Pas 


- 
ve 


to yeeet re Htod besgibas wT sre e0M10¢ 
EMTS Tod ni ‘bese “4 ys eno ite lifhlen Igaieeto sarong aah oie: 
#2 dp BHOETIEot Loo lois Soorsiss moa) ier espa aim Taaanepel 2 
n < a5 ? ao 
i Gaye) eoseen ct 2oymests youss Juserty ot > -2oaset bon vial 


‘4 


ecard to diemgaory 2}. 07, esncecrads os to 2esreiees 


ahi ae» wrtabeeds siit'%o ams2I .ztozs Kinatis otetenty dobese bi 


haut bengigso sta ybuse-Inozerq vis ni beer ($93) seat’ ‘ak 


in 

fk kmosdne “sitanoltronerc sis To oOleqeotag a hess 
- 
i ames 


veeatt 168-10 -raAtore aniivlayreoch of aes bas 
a ‘LOeee 


? 


>> 7 


mH er or 


‘kel <2tuteny ai lexiicisrsid ors gactoe OeRROINOee 

: 7 te ~ 7 Ve 

tos ai eulaeitey azeto aree ag {atlide aia wnt | 
: 7, we 
> 68 


¥7 Lerens® ont 36 qoute sszeTq sia ne _ a 
- a 
aad geet Ritiwezom enstt to nei 


Ly, 


control to determine whether findings with respect to proportional 


reasoning in chemistry are specific to the subject matter studied. 


Statement of the Probiem 

The main purpose of this investigation is to ascertain the extent 
to which students' perceptions of the proportionality schema are related 
to achievement in introductory chemistry. The central question of the 
study is: Js the ability to apply proportional reasoning a stgntficant 
factor in achievement in selected areas tn tntroductory high school 


chemistry? 


Need for the Study 

In contrast to the considerable quantity of research associated with 
concrete operational thought and the studies dealing with the transition 
between pre-operational and operational thought, few experiments have 
dealt specifically with students' ability to perform tasks requiring 
formal reasoning. This situation has several plausible explanations. 
First, the nature of the formal operational tasks themselves are suffi- 
ciently different from tasks typically encountered in earlier stages. 
The phenomenon of adolescents learning to solve introductory chemistry 
problems in school, for example, may be somewhat less intriguing to the 
psychological researcher than 5-year-olds insisting that changing a clay 
ball into a sausage affects the clay. 

According to Siegler et al. (1973) an additional factor associated 
with research on adolescent reasoning is the complexity of Inhelder and 
Piaget's description of formal reasoning in terms of logical structures, 
interpropositional operations, and binary operations which may tend to 


discourage many otherwise interested investigators. Further, although 
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investigators have attempted to refute or support the initial findings 

of Smedslund (e.g. 1961), Lovell (e.g. 1961) and Elkind (e,ge. LOG? = vonds, 
recently has increased research attention been directed to the role of 
formal thought in selected areas of science (e.g. Karplus, 1976; Herron, 
1975; Lawson, 1974; Ball and Sayre, 1974). 

If research in science teaching is to be truly helpful for the 
classroom teacher it must be concerned with detailed curriculum speci- 
fications and prescriptions. Detailed curriculum specification 
requires that one is able to assess basic conceptual demands placed on 
the student in order to more fully comprehend a particular concept in 
science. An analysis based on the conceptual demands in introductory 
chemistry, for example, could prove useful to the classroom teacher for 
either a prescription or modification of a given instructional approach. 
The work of Ingle and Shayer (1971) and Shayer (1972) on the conceptual 
demands inherent in Nuffield O-level chemistry and physics holds 
considerable promise in this area. As a theory of mental development, 
Piaget's formulations have considerable diagnostic implications for 
science education, yet Piaget himself has cautioned against the hasty 
and ill-considered application of his work until much more specific 
research into the educational effect of his theory has been undertaken 
(Ripple and Rockcastle, 1964). The present study is an example of an 
in-depth classroom investigation into a specific content area in science 
at the introductory high school chemistry level. 

Evidence is available to indicate that an appreciable number of 
students may not be functioning at the cognitive level of which, 
according to Piaget and others, they should be capable (Field and Cropley, 


1968; Bass and Montague, 1972; Buell and Bradley, 1972; Ball and Sayre, 
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1974). However, before any action can be undertaken to facilitate a 
shift towards the formal level of thought in the science classroom, 
insight into the nature of students' problems on specific tasks and 
their conceptual demands must be gained. Piaget's basic concern is with 
the description of the "generalized knower' (the epistemic subject) 

and while such description sheds profound insight on epistemological 
problems, it reveals little about the variations in the ability of the 
individual student to use certain operational schemata according to 
content, context, or subject-matter area. The present investigation 
into the role of the proportionality schema in chemistry may be 
indicative of possible approaches that could be utilized to study the 
development of selected schemata across a wide range of content areas. 
High school chemistry abounds with instances in which proportionality 
is of central importance to the chemical understanding of the principle 


or concept in question. 


Procedure 

The procedure followed in the investigation was as follows: Prior 
to the commencement of any instruction in chemistry, all Grade 10 
chemistry students cooperating in the study were collectively 
administered the set of Piagetian Tasks (PT) during regular classroom 
periods. The entire sample was then randomly assigned and administered 
one form of the General Proportionality Test (GPT). Subtests of the 
Chemistry Proportionality Test (CPT) were administered during regular 
class periods following the conclusion of each appropriate unit 
throughout the semester period. At the conclusion of the semester, all 


students in the sample were administered the alternate equivalent form 
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of the General Proportionality Test (GPT) as a posttest measure. The 
Chemistry Achievement Test (CAT), administered at the conclusion of the 
semester, served as the main achievement criterion. 

A more thorough account of the nature and construction of the 
tests used in the study, the pilot investigation of these instruments 


and the testing sequence are presented in Chapter III. 


Definition of Terms 
A number of definitions of key terms as used in the study together 

with a brief explanation of the test instruments are presented below. 

INRC Group Model (Ptaget): The group of four transformations — 
identity (I), negation (N), reciprocity (R), and correlativity 
(C) — corresponding to certain fundamental structures of thought 
at the formal level. For purposes of the study the INRC group 
model refers to the physical INRC group as defined by Flavell 
PGs pn . 217). 

Operation: Any representational act which is an integral part of an 
organized network of related acts (Flavell, 1963, p. 166). Opera- 
tions constitute among themselves closed systems whose most 
important characteristic is their reversibility. The isolated 
operation cannot be the proper unit of analysis because it gains 
its meaning from the system of which it is a part. 

Reverstbility: The possibility of performing a given action in a 
reversed direction. Its two chief forms are: negation 
(N(p) = p*) and reciprocity (R(p) = q*). Reversibility is the 
basic criterion of an underlying operational structure. 


Transformation: The name given to the process by which operations can 
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be changed in form. For example, the inverse or negation of the 

operation of adding weight to a balance is the removal of that 

weight. The system contains two distinct and different operations, 
p and q, which have exactly equivalent outcomes, and two other 
operations, p* and q*, which nullify or undo p and q, respectively. 

Chemistry Achtevement Test (CAT): A 60 item, four option, multiple 
choice open-book examination of 80 minutes! duration. Items 
contained in the CAT were drawn from a pool of some 400 tested 
items available from the Testing Division of the Edmonton Public 
School Board for which item statistics are available. The CAT 
covers all major topics in the Chemistry 10 course, including the 
four areas to which the present study is directed and is used as 
a measure of general achievement in introductory chemistry. 

General Proportionaltty Test (GPT, Form A and Form B): A test devised 
for the present investigation consisting of two logically equiv- 
alent forms (A and B). The first section of the GPT consists of 
15 multiple choice items dealing with ratio and proportion as they 
might be found in common situations. The second section consists 
of several short answer type questions related to ratio and 
proportion including verbal reasoning questions, verbal analogy 
questions and numerical series questions. 

_ Chemistry Proportionaltty Test (CPT): A combined multiple choice and 
short answer type test constructed for the study covering aspects 
of the proportionality schema as they relate to introductory 
chemistry concepts found in the high school curriculum. The four 
subtests of the CPT cover the following topics: chemical nomen- 


clature and the writing of formulae, CPT(1); chemical reactions, 
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CPT(2); the 'mole' concept, CPT(3), and gravimetric stoichiometry, 
CPT(4). Items of the CPT subtests were constructed to illustrate 
analogous aspects of the proportionality schema in a chemistry 
context to those found in the General Proportionality Test (GPT). 
The CPT subtests are discussed in greater detail in Chapter III. 

Ptagettan Takes. These refer to the Following paper-and-pencil tasks 
used in the present study: 


1) Balance Problem (BP): (Inhelder and Piaget, 1958; Lovell, 
1961; Lunzer and Pumfrey, 1966). 


ii) Ratio Task (RT): a modification of the Form B paper clip 
ratio task used by Karplus et al. (1974) described in an 
carlier section. 

iii) Metric Puazle (MP): a direct proportionality task requiring 
students to predict a distance in kilometers given basic data 
mecessary for*the conversion of miles to kilometers. 

iv) Islands Puzzle ({[P): a paper-and-pencil formal operational 
task which requires students to formulate a number of possible 
plane routes among four islands, given certain constraints. 

The set of Piagetian Tasks are presented together in booklet form 

in Appendix B. 

Proportionaltty Schema: refers to the formal operational schema as 
described by Inhelder and Piaget (1958, p. 176-181, 314-317), and 
defined in relation to the INRC group transformations. The 
proportionality schema is said to become fully operational when 
the subject is capable of reasoning in terms of the INRC group 
structure and understands the equalities between the products of 
two transformations, e.g. NR = IC and RC = IN etc. In the case 
of mathematical proportions the proportionality schema leads to 


an understanding of the equality of two ratios, iy sexys 


Proportional Reasoning: refers in the present study to the subject's 
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ability to apply the proportionality schema to a VaATLe tyaro f 
problems and situations involving transformations of the INRC 
group structure. A measure of the subject's perception of the 
proportionality schema will be obtained by performance on items 
of the Chemistry Proportionality Test (CPT) and the General 


Proportionality Test (GPT). 


Delimitations of the Study 

The relatively small sample of the study (N = 309) and narrow 
range of concepts covered, coupled with the single grade level (Grade 
10) dealt with in the study, taken together, represent an important 
delimitation that should be noted. These practical considerations were 
deemed necessary in order to achieve the required focus in the investi- 
gation. In view of these considerations no attempt will be made to 
generalize to other possible student groups or grade levels not 
included in the investigation. 

Further, as the Chemistry Achievement Test (CAT) is confined to 
topics commonly found in introductory high school chemistry, any 
generalizations regarding overall chemistry achievement will have to 
be restricted to the level and topics covered by the CAT at the Grade 
10 level. While teacher methodology and degree of emphasis given to 
the topics covered by the CAT are not strictly controlled, participating 
teachers were chosen on their interest in the study and their involve- 
ment in the development of the chemistry program used in the investiga- 
tion. The classroom teachers identified for cooperation in the study 
have been associated with the early design, development and implementa- 


tion of the present Grade 10 chemistry ALCHEM Materials course and are 
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felt to more fully appreciate and adhere to the philosophy and instruc- 
tional techniques embodied in the program than a random selection of 
Chem 10 teachers. That is, participation in the study was purely on a 
voluntary basis. This resulted in a select group of interested, highly 
experienced, full time classroom practitioners to serve as cooperating 
teachers in the investigation. In addition, all participating teachers 
were interviewed to ascertain whether their particular instruction of 
the content involved any obvious omissions or irregular situations 
which might affect the interpretation of results of the study. 

The nature of the set of Piagetian Tasks used which were mainly 
of the non-verbal, paper-and-pencil variety, necessitates the delimita- 
tion of any generalizations regarding the students' performance on these 
tasks to those situations tested. While the investigator notes that 
certain cognitive skills may be more. relevant to the proportionality 
schema than others, an overemphasis on the specificity of these 
competencies should not be encouraged. This relates to the difficulty 
mentioned earlier when one attempts to view a specific cognitive ability 
in isolation for study purposes when the ability in question is more 
properly viewed as a function of an interrelated structure, such as 
the INRC group. Further, the application of the INRC group model to 
proportionality problems in introductory chemistry only serves as an 
example of one area of application of formal operations in adolescent 
thinking. A more definitive study to fully investigate the role of 
each of the INRC transformations in the learning of chemical concepts 
is clearly beyond the scope of this study, although the approach taken 


may reveal some guidelines for such research. 
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Limitations of the Study 


One area of limitation concerns the validity and reliability of 
the test instruments used in the study. The reliability and validity 
of the Chemistry Achievement Test (CAT) and the reliability of the 
Chemistry Proportionality Test (CPT), and the General Proportionality 
Test (GPT) can be assessed statistically. Items on the CPT and the 
GPT were designed to measure certain aspects of the proportionality 
schema as perceived by the investigator, in consultation with 
experienced people in the field. A validity assessment of these 
instruments was based on three pilot administrations of these tests 
and feedback from professors and teachers in science education 
concerning the difficulty, appropriateness and clarity of the test 
items. 

At present there exists no statistical means of assessing the 
Poustruct, yalidity.of the set of Piagetian. Tasks used in the present 
study to provide a measure of the level of cognitive functioning of 
the students. However, the tasks closely parallel those used in 
classical studies (Inhelder and Piaget, 1958) and the Ratio Task has 
been used in several other studies (e.g. Karplus and Karplus, 1972). 
The acceptability and familiarity of the chosen tasks serve as two 
independent measures to strengthen the degree of validity associated 
with these instruments when used as proposed in the present investiga- 
tion. Both the feasibility and appropriateness of these group 
administered tasks were discussed with Piagetian experts beforehand. 
A section in the review of related literature, entitled ''Piagetian 
Studies in Science" addresses itself more directly to the techniques 


used in the assessment of cognitive functioning and to considerations 
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involving their reliability and validity. 

Another limitation of the study has to do with the possible over- 
simplification of the nature of the proportionality schema in introduc- 
tory high school chemistry as measured by the Chemistry Proportionality 
Test (CPT). Items of the CPT were designed to measure certain aspects 
of the schema as perceived by the investigator in consultation with 
experienced people in the field. The types of proportionality problems 
identified by the subtests of the instrument are those which are deemed 
ertttcal on the basis of the judgment and experience of skilled people 
in the field for a firm understanding of chemical proportionality at 
the introductory high school level based on the present program and are 


not necessarily exhaustive of the domain of the schema to high school 


chemistry. 


Research Hypotheses 

As the study is seen to encompass three major types of variables, 
the hypotheses are stated accordingly: 
1. Proporttonal Reasontng and Achtevement tn Chemistry 


1.1. There ts no stgntficant relationship between student 
ability to apply proportional reasoning tn chemistry 
(CPT) and achtevement tn chemtstry (CAT). 


1.2. There is no stgntficant relationshtp between student 
ability to apply general proportional reasoning (GPT) 
and achtevement in chemistry (CAT). 


2. Proportional Reasoning and Cognitive Level 


2.1. There ts no significant relationship between student 
scores on tests involving proportional reasoning tn 
chemistry (CPT) and cognitive funettoning level as 
measured by Piagettan ertterta tndtcative of 
proportional reasoning (PI). 


2.2. There is no significant relationshtp between student 
scores on tests involving general proportional 
reasoning (GPT) and cognitive funettoning level as 
measured by the Piagetian tasks (PI). 
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3. Proporttonal Reasoning in Chemistry and Non-Chemistry Contexts 

3.1. There ts no stgnificant relationshtp between students’ 
ability to apply proportional reasoning in chemistry 
(CPI) and application of proportionality in areas not 
eontent-spectfic (GPT). 

The investigation of the role of proportionality in the growth of 
basic introductory concepts in chemistry also involves the related 
questions: 

1, Do tasks measuring proportional reasoning represent a hierarchy 
of capabilities? This will be studied in both the (i) chemical 
context and (ii) the non-chemical context. 

(i) Chemtcal context. Student performance on the Chemistry 
Proportionality Test (CPT) used in the present study will be examined 
to determine whether those items measuring various aspects of the 
proportionality schema (i.e. direct conversion, ratio and equivalency 
®t ratios) form a hierarchy of capabilities. . That is, student perform- 
ance on items of the CPT will be examined using a task analysis procedure 
to ascertain whether the type of proportionality problems are suggestive 
of a hierarchical structure. It may be, for example, that students 
capable of solving conversion-type problems and items introducing 
simple reacting ratios are unable to apply these concepts to problems 
in chemistry which deal with ratio equivalency. 

(ii) Non-chemical context. A task analysis will be performed on 
the items of the General Proportionality Test (GPT) in an attempt to 
ascertain whether the subtests (conversion, ratio, proportion) reveal 
a hierarchical Picture of capabilities with respect to the applica- 
tion of proportionality in common situations. 

2. Is there a significant relationship between sex and cognitive 


level for the sample? 
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Summary 

Utilizing a Piagetian conceptual framework, the proportionality 
schema has been discussed in relationship to formal thought and the 
transformations of the INRC group model. A discussion of the applic- 
ability of the schema to instances of proportional reasoning in 
introductory chemistry follows. Performance on different tasks 
indicative of proportional reasoning is hypothesized as having a 
relationship to academic achievement in chemistry. The investigation 
of this relationship constitutes the major purpose of the present study. 
The major aspects of the procedure for achieving this purpose have 
been outlined, followed by the presentation of the definitions, 
delimitations, limitations and research hypotheses of the investiga- 


tion. Chapter I concludes with a brief overview of the report. 


Overview 

This introductory chapter is followed by a review of current 
literature on Piagetian studies in science, studies related to the 
teaching of secondary school chemistry and those studies dealing 
more directly with the proportionality schema. Chapter III discusses 
the preliminary investigations connected with the present study and 
presents the procedure and details of the various testing instruments 
used in the investigation. The design of the study is presented and 
discussed in Chapter III. A description of the analysis used and 
the results of the study are presented and discussed in Chapter IV. 
The report concludes with Chapter V which consists of the summary 


of the study, and the major conclusions and recommendations for 


further possible research. 
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Chapter II 


REVIEW OF RELATED LITERATURE 


Research studies which pertain directly to the present study appear 


to be relatively scarce. However, a number of studies considered 
relevant to the present context are reviewed under the headings: 
Piagetian Studies in Science, Studies Related to the Teaching of 
Secondary School Chemistry, and Studies Related to the Proportionality 


Schema. 


Piagetian Studies in Science 

Science educators have witnessed numerous advances in theory and 
practice during the past decade. One of the most important of these 
has been the study and application of Jean Piaget's work as it relates 
to students! intellectual development. The body of research which has 
developed from the application of Piagetian techniques has truly been 
immense. Major implications arising out of science education research 
using a Piagetian framework relate to (i) the sequencing of science 
instruction, (ii) science instruction and methodology, and (iii) science 
content appropriateness. While it is not the purpose of this section 
to review research studies in these three areas, an example in each 
will serve to illustrate typical approaches. 

Firstly, Piaget's stages of intellectual development provide a 
framework for the sequencing of science activities. According to 
Elkind (1972) these stages parallel the stages that characterize the 
development of any science, namely: observation (sensorimotor period 


or the search for conservation); naming and labeling (preoperational 
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period or the search for representation); formal classification and 
quantification (concrete operational period or the search for relations) 
and controlled experimentation and theory building (formal operational 
period or the search for comprehension). The study of Bass and Montague 
(1972) is an example of an attempt to determine the sequencing of 
selected problems within a given level, that of formal operational 
thought. Their study dealt with two problems from the general area of 
physical science: equilibrium in the simple balance, and equilibrium 
of a cart on an inclined plane. Bass and Montague attempted to 
translate the developmental sequences as described by Inhelder and 
Piaget (1958) for these two problems into a hierarchy of instructional 
objectives and instructional materials. Objectives consistent with 
Piaget's findings on the balance and inclined plane were evaluated 
through classroom trials with 133 ninth-grade students, most of whom 
were either 14 or 15 years of age and hence expected to be capable of 
formal thought. Data were collected by means of a pretest and posttest 
designed for the study and through analysis of the students' responses 
on the self-instructional sequence. Results on the pretest showed that 
for the balance and inclined plane problem only 45 and 44 per cent, 
respectively, of the students were at the late formal stage (F2). The 
percentage of the sample operating at the late formal stage on the 
balance increased from 45 per cent on the pretest to 75 per cent on 

the posttest. Bass and Montague's general findings suggested that, 
where feasible, Pee onal sequences should parallel sequences of 
child development with respect to the subject area and endorsed further 


investigations on other concepts in science in order to supplement 
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Piaget's more general descriptions in these areas. The present investi- 
gation utilizes as one of its measures of cognitive level the Balance 
Problem (BP), and attempts to ascertain the role of the proportionality 
schema in relation to selected topics in introductory high school 
chemistry. | 

With respect to the influence of the Geneva school on science 
instruction and methodology it is evident that Piaget's ideas and 
findings have greatly affected the science curriculum and are widely 
used in the preparation of material, especially at the elementary 
science level (e.g. the Science Curriculum Improvement Study, SCIS). 
Further, in the area of appropriateness of specific science content, 
Ingle and Shayer (1971) and Shayer (1972) have described useful 
techniques for assessing science courses based on a close analysis 
of the conceptual demands in Nuffield O-level courses in chemistry 
and physics. In view of estimated conceptual levels in the O-level 
chemistry course, for example, Ingle and Shayer have made a number of 
suggestions for modification to the existing program which may prove 
effective for students of varying levels of intellectual development. 

Many of the conceptual demands identified by Ingle and Shayer 
(1971) are seen as particularly relevant to the present study. For 
example, the mole concept, classified as late formal by Ingle and 
Shayer, and the proportions demanded in its application, is a major 


integrating concept.to the introductory chemistry courses in the 


present investigation. As such, certain difficulties associated with 


the presentation of the mole concept and suggestions for alleviating 


certain teaching problems by selecting an integrating concept which 
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operates at a lower conceptual level, may prove useful. 

One commonality associated with the numerous Piagetian studies in 
science has to do with the inclusion of some means whereby a measure 
of students' cognitive development may be obtained. This important 
consideration and its associated difficulties is receiving increasingly 
greater attention from both psychometricians and developmental 
psychologists (Green et al., 1971). While this attention has been 
directed across all developmental levels, problems associated with 
formal operational thought and its assessment form the focus for the 
present discussion. 

One characterization used to describe formal thought is that of 
Psecondadegree operations'...That is, at.the level of, first-order 
relations (concrete operational thought) the child is capable of 
monitoring his thought processes and distinguishing between reality 
and, the order he imposes on it. First-order operations result from 
the coordination of his actions upon objects but in formal thought 
the adolescent is able to structure relations between relations (Lovell, 
1971). Inhelder and Piaget (1958) point out that propositional logic 
demands second-degree operations since operations are performed on 
statements whose content consists of class and relation operations. 
For example, a student cannot appreciate the necessity of holding 
constant those variables not being considered at the moment, unless 
while he is testing one hypothesis he is also aware of alternate 
hypotheses and their consequences. That is, he must also be aware of 
the second-order relations between the various hypotheses. In this 


sense the recognition of the equivalency of two Tatios. ihe 
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proportionality schema, is a good example of a second-degree operation 
and any attempt at the assessment of the schema should take into 
consideration these second-order operations: In the present study, 
three of the four Piagetian tasks used, the Balance Problem (BP), the 
Ratio Task (RT) and the Metric Puzzle (MP) are used as measures of 
students' perception of the proportionality schema. 

Criteria used in scoring the Piagetian tasks in the present study 
were drawn either from original experiments performed by Inhelder and 
Piaget (1958) (i.e. for the Balance Problem (BP)) or from other 
studies which have reported minimum criteria requirements associated 
with concrete and formal operational thought on these tasks (RT, MP 
and IP). The generic method of investigation used by Inhelder and 
Piaget (1958) consisted of confronting individual children with 
problem solving situations involving physical apparatus and recording 
the actions and statements of the child as he worked toward a solution. 
These statements were then analyzed and classified into respective 
stages and substages of development by Piaget. While this procedure 
is not always fully described, it is possible to identify minimum 
criteria for the classification of subjects into respective stages and 
substages of concrete and formal thought on the basis of the physical 
experiments performed in the Growth of Logical Thinking, Chapter V, 
1958, The instructional objectives, for example developed by Bass 
and Montague (1972), discussed earlier, were based on Piaget's reported 
findings for the ence problem and the inclined plane. A frequently 
used scoring procedure (Lawson and Renner, 1974; Lawson et al., 1974; 


Friot, 1971; Field and Cropley, 1968) for the assessment of cognitive-level 
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based on established Piagetian task criteria consists of a four-point 
scale corresponding to the substages of concrete and formal thought as 
follows: early concrete operational - 1 point, late concrete operational 
- 2 points, early formal operational - 3 points, and late formal 
operational - 4 points. To illustrate, Lawson, Nordiand and Devito 
(1974) used a four-point scoring scale for the balance problem 

developed originally from Inhelder and Piaget (1958). Scoring used 

was Similar to that developed for the Balance Problem (BP) in the 
present study: 


Early Concrete IIA. S indicated lack of understanding of the relation 


"heavier—, nearer," "lighter—,.farther,' -- one 
point. 
Late Concrete IIB. S indicated understanding of the above relation 


however was unable to balance ten- versus five-unit 
weights without trial and error procedure. This 
indicated a lack of understanding of the simple 
proportion involved -- two points. 

Early Formal IIIA. S was successful in achieving and explaining the 
balance of ten- versus five-unit weights using 
the concept of proportionality — three points. 

Late Formal IIIB. S was successful in achieving and explaining the 
more difficult balance of the seven- versus ten-unit 
weights — four points. 

A frequently Petes criticism of scoring systems like the above 
has to do with the misuse and unwarranted interpretation placed on the 


resulting student scores. That is, as the scoring procedure is based 
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on non-metric or ordinal data, there is little justification for 
treating the resulting numerical data in a manner which assumes more 
than ordinal qualities. In the present study, categorization of the 
study sample is made on the basis of a modified four-point scoring 
scale as follows: concrete operational - 1 point, transitional - 2 
points, early formal - 3 points and late formal - 4 points. No 
attempt is made to differentiate between the substages of concrete 
Operational thought and wherever possible the four point system is 
used only for labelling purposes. Although correlations for the 
Piagetian Tasks (PT) with other variables are reported (see Table V), 
interpretations based on the calculated correlation coefficients are 
made with reference to the ordinal nature of the data. Intercorre- 
lations among the four tasks are reported in terms of the more 
Bppropriate phi coefficient (see Table II1). It is interesting to 
note that when calculated, Pearson product-moment intercorrelations for 
the tasks yielded similar numerical values, preserving the rank order 
of the coefficients. In addition the set of four Piagetian tasks used 
(PT), the Balance Problem (BP), the Ratio Task (RT), the Metric Puzzle 
(MP), and the Islands Puzzle (IP) are administered in a group format 
in booklet form (Rowell and Hoffman, 1975). Student performance on 
the PT is made in relation to all four tasks in accordance with the 
modified four-point scoring system used. The criteria used for the 
categorization of the total study sample (N = 309) according to 
cognitive level, based on student performance on the PT, is presented 
in Chapter IV. 

The following section reviews a number of studies which relate 


more directly to the teaching of chemistry at the high school level. 
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Studies Related to the Teaching of Secondary School Chemistry 

Numerous studies in chemistry have been conducted which reflect 
Gagné's cumulative learning model. In this model Gagné proposes that 
the attainment of subject-matter competence is hierarchically organized. 
The analysis procedure used to determine intellectual skills is called 
Meriving 2 learning hierarchy’ or task analysis. For a discussion of 


task analysis studies related to the teaching of chemistry the reader 


is referred to the author's unpublished M.Ed. thesis (Wheeler, 1973). 
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is referred to the author's unpublished M.Ed. thesis (Wheeler, 1973). 

The validity of a given learning hierarchy can be established from 
an analysis of the results of the administration of a test constructed 
to yield pass-fail information on each entity within a total hierarchy 
(Gagné, 1967). In order to validate the hierarchy, data on each 
individual rather than group data would have to be obtained. If the 
cumulative learning model is accurate, then any inability to perform a 
task should be attributable to failure on skills subordinate to it. 

A limitation of task analysis is that it is initially carried out 
almost exclusively in the mind of the adult, and children's logic is 
frequently unlike adult logic. Nevertheless, a Gagné type task analysis 
used in conjunction with Piaget's developmental sequence could prove 
profitable in curriculum development. For example, in connection with 
the present investigation, task analysis of the components of the 
proportionality schema in introductory chemistry might lead to an 
instructional sequence designed to alleviate difficulties associated 
with the schema. Information regarding the nature of and relative 
difficulty associated with conversion, ratio, and proportionality type 
problems (both direct and inverse) is prerequisite to the formation of 
any meaningful approach to the treatment of proportionality in chemistry. 
However, any application on task analysis in the present study will 
clearly have to recognize the limitations inherent in the technique and 
carefully distinguish between 'facts' which are to be learned and 
certain "logical Aeera tone which must be developed. While task 
analysis as a tool for the curriculum designer has several built-in 


diagnostic features, it may be overly dependent upon certain prerequisite 
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mathematical skills (Okey and Gagné, 1970). While it may well be that 
mathematical ability is a necessary condition for the understanding of 
certain types of proportionality problems in chemistry, it is surely not 
a sufficient condition. Items on both the Chemistry Proportionality 
Test (CPT) and the General Proportionality Test (GPT) were constructed 
so as to minimize the importance of the student's mathematical 

abilities for the successful completion of the questions. 

Studies in high school chemistry which use a Piagetian framework 
have been conducted by Buell and Bradley (1972) and Hall (1973). More 
Pecently Herron (1975) and Beistel (1975) have explored the implications 
of Piaget's work on formal operational thought to the teaching of 
chemistry at the freshman college level. 

Buell and Bradley (1972) studied the application of a binary system 
in chemistry at equilibrium (temperature of solvent vs. weight of solute 
per 100g of water) in terms of Piaget's 16 binary propositional 
operations. The study was conducted with 70 high school chemistry 
Students. Initially each student was given an Introductory Phase packet 
consisting of: (1) a graph of the solubilities of five salts over a 
temperature range and (2) a brief statement of what the graph was 
concerned with and a request that the student write down his interpreta- 
tion of the relationships which exist on the graph and, if possible, 
indicate how he arrived at his conclusions. The purpose in the 
Introductory Phase was to ascertain at what Piagetian stage the students 
were, although detailed description as to the criteria used to place 


the students into their respective developmental stages and substages 


was not given. 
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A Directed Question Phase packet was administered after two weeks 
of laboratory work and discussion of solubility/temperature relations at 
equilibrium, in order to determine how many of the students were at the 
respective stages and substages of development as compared to the 
original categorization. The Directed Question Phase packet consisted 
of (1) the same graphs but with a oye table of solubilities, and 
(2) a series of questions concerning various concepts illustrated by 
the graphs. 

Results of the study were somewhat discouraging. Following the two 
week laboratory treatment on solubility equilibria, the post-test results 
showed a decrease in the percentage of students attaining the formal 
Operational stage (F2). Initially 18 percent were thought to be at the 
Stage of late formal operations (F2) while on the Directed Questions 
Packet no one was considered to be at this stage. Most students (91%) 
were found to be at the early formal stage (Fl) while only 9% were at 
the concrete operational stage. It was therefore suggested that contact 
with the realia of solubility does not improve logical thinking about 
constants and variables. Buell and Bradley conclude by stressing a 
greater need for the teaching of logical thinking in addition to 
manipulation of chemical glassware. However, given the lack of informa- 
tion supplied in the report concerning the details of the treatment 
and the criteria used in assessing cognitive level change, few 
conclusions seem justified from this preliminary investigation. 

In contrast to the binary operations model, the present investiga- 
tion will attempt to ascertain students! ability to perform proportional 


reasoning in chemistry on the basis of the interpretation placed on the 


INRC model. 
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Performance on selected Piagetian tasks will be measured according to 
specific criteria based on Piaget's own experimentation. Unlike the 
Buell and Bradley study, no attempt will be made to measure changes in 
the developmental stage or substage for students as a result of a treat- 
ment. Rather the focus is directed towards ascertaining difficulties 
encountered by students which may be related to their inability to 
perform proportionality problems in chemistry requiring formal opera- 
tional thought. 

The investigation undertaken by Hall (1973) emphasized the 
essential nature of conservation schemata (conservation of chemical 
identity, composition and mass) to the basic understanding of chemistry. 
Students in his sample study (N = 23, median age = 12.5) were given 
three experiments in which substances were heated in test tubes and 
allowed to cool. Subjects were told beforehand of the chemical nature 
of the substances and were instructed to observe carefully the changes 
that occurred upon heating. Following each demonstration subjects were 
questioned individually as follows: (1) Do you thtnk heating the 
substance turned tt into a new substance? (conservation of composition), 
(2) After cooling, do you think the substance left tn the test-tube ts 
the same as the origtnal or different? (conservation of identity), and 
(3) Do you think there was any change of wetght when the substance was 
heated? Was the substance left heavier, ltghter or the same wetght as 
the original? (conservation of mass). Reasons for each answer given 
by the individual subjects were requested and all conversations 
tape-recorded. Findings suggested that conservation of all three types 


was not attained by a considerable portion of the sample (e. gae6egave 
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nonconservation responses for conservation of weight questions). The 
frequencies of nonconservation responses were noted to be in the order: 
composition — identity — mass. 

While the preliminary findings reported by Hall (1973) are subject 
to confirmation, they suggest that any a prtor?t assumption, or at least 
the prospect of rapid development, of basic schemata required for the 
understanding of subject matter is not a justifiable one. 

Hall's results indicated that even at the end of a nine month 
introductory chemistry course a number of basic conservation schemata 
were inadequately established in a high portion of the class. These 
findings may be related to the choice of substances for the study. 
Those substances selected (barium nitrate, ferric oxide and lead carbon- 
ate) all undergo rather rapid and dramatic color changes upon heating. 
This factor together with a complete unfamiliarization with the sub- 
stances (Hall reports that none of the experiments had been encountered 
by the subjects previously) might have influenced their responses. 
Still, introductory chemistry courses might well be examined in light 
of Hall's findings with a view to minimizing difficulties associated 
with selected concepts in chemistry by facilitating the attainment of 
conservation concepts. 

A preliminary analysis carried out by Duncan and Johnstone (1973) 
dealing with students! understanding of the 'mole' concept is of 
particular interest to the present investigation. Working at the 
introductory level in chemistry with 14 and 15 year old students in 
junior high schools in a Scottish setting, their findings suggest that 


considerable difficulty is encountered in understanding the 'mole' and 
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using it in chemical calculations. 

Duncan and Johnstone (1973) and others working in the same area 
(Ingle and Shayer, 1971; Shayer, 1972) suggest that the major reason for 
the difficulties may lie with the nature of the topic and its conceptual 
demands which are often beyond those which the students have attained. 

The four tests devised by Duncan and Johnstone dealt with: 

1) Mole Quantities, 2) Calculations from Equations, 3) Molar Solutions, 
and 4) Reactions involving Molar Solutions. Subtests of the Chemistry 
Proportionality Test, CPT(2), CPT(3) and CPT(4) of the present study 
incorporate a number of features contained in the Duncan and Johnstone 
Study tests. To illustrate, consider typical items used by Duncan and 
Johnstone dealing with straightforward 1:1 mole relationships. These 
presented little difficulty for the students. For example, 
Item Given that 
Mg + S > MgS 
What mass of Mg would react completely with 32 g of S? 
(ans. 24 g) 

However, when a similar item involving a non-1:1 relationship was 
posed, the number of students responding incorrectly rose significantly. 
For example, 


Item Given that 
2Na0H + H2SO, > Na2SO,4 + 2H20 


How many moles of H2S0, are required to react with 1 mole of 


NaOH? 
(ans. 1/2 mole) 


Significant response features to this type of problem included a 


large number of students who still assumed a 1:1 relationship or who 
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chose the inverse relationship, i.e. 2 moles rather than 1/2 mole. 
Results from other similar items indicated that more than 50 per cent 
of the sample tended to apply a 1:1 relationship in instances in which 
it clearly was inappropriate. According to Duncan and Johnstone this 
tendency to apply 1:1 relationships to every reaction underlies much of 
the difficulty encountered by students in this area. 
More specifically related to the present investigation several 
of the Duncan and Johnstone test items dealt with various chemistry 
problems involving proportions. Those items illustrating straight- 
forward proportions, uncomplicated by other factors, were found to be 
penerally well done (average difficulty = .73). .For, example, 
Item Given that 
Cot. 02,2 COs 
What mass of O2 is required to react with 3 g of carbon? 
(ans. 8 g) 
Somewhat surprisingly Duncan and Johnstone also found that students 
had great difficulty balancing equations of the following type: 
Item What is the correctly balanced form of this equation? 
Al + O2 > Al203 
(ans. i352) 
Notwithstanding their findings in this regard, much greater 
information is needed before it can be ascertained whether the diffi- 
culties encountered are methodological in nature or stem from a more 
important mavintey to reason at a required cognitive level. 
The most pronounced problem reported by Duncan and Johnstone 


occurred when students were confronted with an unbalanced equation 
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and asked to calculate from a non-1:1 relationship. For example, 
Item Given that 
No + Ho > NH3 
Calculate how many moles of Hz would react completely 
with 1 mole of No. 
(ans. 3 moles) 

Findings indicated that only 36 per cent chose the correct 
response while a large group (almost 50 per cent) chose unity as their 
response, indicating a reluctance to abandon the 1:1 molar relation- 
ship, discussed earlier. 

Several multiple-choice items on the subtests of the Chemistry 
Proportionality Test (CPT) of the present study closely parallel items 
found in the Duncan and Johnstone (1973) study. In addition related 
items, devised by the investigator, involving a variety of stoichiometric 
Petattonships have been included in the CPT subtests in anweffort to 
provide a finer analysis of student responses. Furthermore, free-response 
questions contained in the second section of each CPT subtest were 
designed to provide a more accurate assessment of students' conceptions 
of certain chemical phenomena. For example in relation to the 1:1 
stoichiometric relationship referred to earlier, the following question 
assesses whether this relationship extends to a broader, 1:1 micro(atomic) 
- macro(molar) interpretation inherent in so much of chemistry. 

Item One student maintains that the correct chemical inter- 


pretation of the reaction below is that one atom of A 
reacts with 4 atoms of B to form one molecule of ABy. 


His friend claims that a more accurate statement would 
would be, one mole of A reacts with 4 moles of B to form 
one mole of ABy. Are either or both of these interpreta- 
tions correct? Discuss your answer. 


(equation) A + thet DepeesenkBE 
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Student 1 one atom + 4 atoms ~+ one molecule 
Student 2 one mole + 4 moles + one mole 

It may well be for example that students' inability to appreciate 
the equivalence between atomic and molar ratios is a major cause of 
much of the frustration and difficulty surrounding this area in 
introductory chemistry. 

Although primarily directed towards the teaching of college fresh- 
man chemistry the work of Herron (1975) also holds considerable 
implication for the present investigation. On the basis of his 
investigations Herron maintains that in spite of available evidence 
indicating that approximately 50 per cent of entering college students 
are unable to function at the formal operational level, both the content 
of chemistry and the manner in which it is presented requires that the 
Student operate at the formal level if he is to truly comprehend the 
concepts covered. If Herron's assessment is correct then the problem, 
by extrapolation, may be even more acute at the introductory high school 
Bevel. 

The danger in not recognizing that a large portion of students 
may not be operating at the formal operational level may be to penalize 
those "good" students who do make a conscientious effort to learn but 
are limited in their achievement by their stage of intellectual develop- 
ment. For example, Herron found that students who had learned to 
calculate density from mass and volume data were frequently unable to 
answer such questions as: Water has a denstty less than that of sulfurte 
actd, hich would have the greater volume, 100g of water or 100g of . 
sulfurte acid? Or in another instance, home economics majors were asked 
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to explain the difference between the representations HP Hand’ 2, 
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Although a few students were able to attach a name of ion, atom and 
molecule to the three, none of the students questioned seemed to have 
any conception of the difference in the particles represented. 

The significant relationship (r = 0.8. N = 17) found by Herron 
between achievement in college freshman chemistry and cognitive level 
as measured by a battery of Piagetian tasks reinforces the need to 
recognize the importance of this dimension in the teaching of chemistry. 
While not denying the formal, abstract nature of much of chemistry, 
Herron suggests two ways in which the problem may be alleviated. One 
can skirt the problem by trying to make what is taught in chemistry 
accessible to those students who are not formal thinkers or one can 
overcome the problem by encouraging and assisting students in becoming 
formal thinkers. 

With regard to making the content of chemistry more accessible to 
the concrete thinker, Herron has identified examples of certain 
performances in chemistry which he feels can be performed by students 
who are not formal in their thinking. Table I presents those competen- 
cies which are pertinent to the present investigation together with 
descriptions of related performances which require formal thought. 

Herron points out that his list of competencies represents only 
hypothesized differences and is based on the author's judgment of the 
mental activity required to accomplish the task. To date no tests have 
been devised to establish whether concrete operational individuals can 
perform the tasks indicated on the left or that the tasks on the right 
can only be performed by formal operational individuals. The present 


investigation dealing with competencies related to the proportionality 
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TABLE I 
Competencies Commonly Expected of General Chemistry Students Which 


Can Be Understood by Students Who Are Not Formal Operational 


Things that students who have not 
reached formal operattons CAN DO 


Things that students who have not 
reached formal operattons CANNOT DO 


1. Comprehend the idea that the ln. Reasom that thesconstancyeor 


ratio of the mass (or volume) 
of hydrogen to the mass of 
oxygen in water is constant. 
(This should be in the 'can do! 
fist only if the idea is devel- 
oped from actual observation 
of data or through a procedure 
which enables the student to 
understand the source of the 
data.) 


From the definition of Molar- 
atv prepare 1000 ml of a 1M 
solution. 


mass ratios and volume ratios 
in substances such as water 
leads to a conclusion that 
compounds can be represented as 
particles made up of atoms com- 
bined. in.definite proportions. 


From. the, definition, prepare, 25 
MivOL 22. oMesolution.. =<Prepare 
1000 ml of 0.25M solution from 
a 3M stock solution. 


3. Follow a set of rules to find 3. Understand why following the 
the empirical formula of a rules will result in the empiri- 
compound. cal formula. 

4, Conceive of atomic weight as 4, Conceive of atomic weight as the 
the mass of a given number of ratio of the mass of one atom to 
molecules, i.e. the atomic the mass of some other atom which 
weight is the weight (mass) is selected as standard. 
of 6.02 x 107° atoms. 

5. Use factor-label to solve 5. Use ratio and proportions to 


problems in instances where 
the units provide an indica- 
tion of the operations to 
be performed. 


solve problems which will not 
fit into a 'type' problem which 
has been memorized. 


6. Balance equations, write 6. Derive the rules for balancing 
formulas, calculate molecu- equations, writing formulas, etc. 
lar weights, etc., using fi general principles such as 
Set rules, Law of Conservation of Mass, or 


Law of Definite Proportions. 
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schema will test for the hypothesized differences between selected 
competencies as postulated by Herron. For example, in the present study 
the performance of students employing a dimensional analysis (i.e. unit 
analysis or factor-label) approach to proportionality problems in 
chemistry will be compared with those taught in a more traditional 
ratio and proportion manner. Here the hypothesis is that in order for 
a student to consistently apply the ratio and proportion approach to 
chemical problems correctly he must be capable of formal thought. 
However, in the areas of both gravimetric and volumetric stoichiometry, 
dimension analysis should provide an almost infallible procedure for 
solving such problems correctly without the necessity of formal thought. 
At the same time dimension analysis organizes the chemical facts in a 
given problem in such a manner that it may lead the students to see the 
reasoning that characterizes the solution leading to greater under- 
standing. However, as pointed out by Herron (1976, mimeo), caution 

is advised in the use of dimension analysis as one may encounter 
certain other problems related to closure. 

In connection with the present investigation, findings concerning 
the importance of closure for concrete thinkers contain a number of 
direct implications. For example, if as found by Collis, non-formal 
students do not perceive indicated products SuUChs aSw(2 ee Siy.asi mames 
for numbers, then expressions such as 6.02 x 10° "gor de66,%% 106° in 
chemistry will undoubtedly cause great difficulty. Instead of viewing 
the expressions as numbers in themselves, non-formal students treat 
such expressions as indicated operations which would yteld numbers 


only if they were carried out. Certain items on both the Chemistry 
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Proportionality Test (CPT) and the General Proportionality Test (GPT) 
in the present study are designed to study the relationship between 
cognitive level, response approach and achievement. 

It may be misleading to maintain that a student who is not formal 
in his thinking can truly 'understand' the conceptual structure of 
chemistry. The contention that the absence of formal operational 
Etructures places restrictions on the ability of students to learn 
certain concepts has been termed the ‘idea of intellectual structural 
fomatation’ (Hobbs, 1975). 

Proponents of the idea of intellectual structural limitation 
Suggest that, in view of the high percentage of secondary school 
students who are not formal operational (Lawson, 1973), it is 
imperative to adopt an instructional approach which constantly allows 
students to interact with concrete objects and situations. One 
implication of the idea of intellectual structural limitations for 
the science teacher is that he should be constantly exploring means 
to make the subject matter more ‘accessible' to the learner. The 
dimension or unit-analysis approach to stoichiometric problems 
discussed earlier is an example of such an approach in chemistry. 

An inherent danger in any allegiance to the idea of intellectual 
structural limitations is a tendency to avoid responsibility in develop- 
ing formal reasoning in students. The failure, for example, to 
recognize that chemistry is by its very nature formal and to a large 
degree abstract may i out to teachers reducing their efforts toward 
the development of formal thought in their students. The search for 


alternative approaches which rely to a lesser extent on formal 
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operations than do present treatments is not enough. The development 
of formal thought should be a major responsibility of the teacher. 

The analysis of the formal operational schema of proportionality 
in the present study may suggest means whereby the intellectual 
development of students may be enhanced. For example, information 
regarding the hierarchical nature of the components of the proportional- 
ity schema may prove useful in promoting a shift towards formal 
Operational thought. According to Beistel (1975) the ordering of 
topics presently found in several introductory chemistry texts does 
little to promote formal thought, often thrusting the concrete 
operational student far beyond his intellectual level from the 
meermrno or, the first’ Semester -- Beistel” (1975, "p.8 152) presents a 
suggested list of topics in introductory chemistry that recognizes that 
not all students are formal operational and assists the concrete 
operational student to become formal under the guise of review. In 
addition Beistel contends the 'mole concept! can prove useful as a 
unifying theme for a beginning course in chemistry. Revisiting the 
mole concept from a variety of approaches at different times maximizes 
the opportunities for learning the concept. This technique may be 
a crucial factor in the ability of students to apply the concept in 
a variety of situations. Items on the Chemistry Proportionality Test 
(CPT) used in the present study measure students' perceptions of the 


varied transformations embodied in the mole concept. 


Studies Related to the Proportionality Schema 
A number of research studies relating to proportionality have been 


carried out over the years. One of the earlier studies was that done by 
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Cowley (1937). More recently Karplus and co-workers have investigated 
the development of the concepts of ratio and proportion in several 
studies (Karplus and Peterson, 1970; Karplus and Karplus, 1972; Karplus, 
Karplus and Wollman, 1974; Wollman and Karplus, 1974). Other researchers, 
notably Lovell and Butterworth (1966), Lunzer and Pumfrey (1966) and 
Lovell (1971), have studied the development of proportional reasoning 
using a wide variety of approaches. In general, all studies have 
confirmed the slow growth of the schema even at the high school level. 
Although several studies categorized students on the basis of propor- 
tional reasoning, the tasks used were not directly related to chemistry 
Seeeortne students' current science curricula. 

Cowley (1937) investigated high school students' grasp of the 
relationship of measurable quantities as revealed by their comprehension 
of ratio and proportion. Analysis was based on an examination of the 
treatment of ratio and proportion in high school textbooks of mathe- 
matics, physics, and chemistry and a 10-item questionnaire administered 
to approximately 2000 students studying chemistry or physics at the 
high school level. Results of the questionnaire revealed that the 
majority of students in the sample had a weak grasp of ratio and 
proportion expressed in terms of everyday affairs (mean difficulty level 
of the items was 0.54). Cowley suggested that many of the difficulties 
encountered by students arose because they tended to view proportion 
as merely a mechanical device governed by purely arbitrary rules. The 
chemistry texts examined by Cowley revealed a number of inconsistencies 
in the method of writing proportions, examples used to illustrate 


direct and indirect (inverse) proportionality and the treatment of 
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calculations from chemical equations were noted, 

Cowley points out that the method of writing a proportion may seem 
to be a trivial matter but thoughtful attention soon leads to the con- 
clusion that the 'symbolism' is of real importance. If, for example, a 
proportion is written as a fractional equation, it is at once associated 
in the mind of the student with fractions. The student may realize that 
changes in either the numerator or denominator altér the value of the 
fraction but that certain changes made in both leave the value unchanged. 
however, if a proportion is written a:b::c:d and read as "a is to b as 
c is to d," the student may not see the connection with anything he 
already knows. 

Problems dealing with chemical calculations from equations rely 
heavily on the students' ability to understand the equivalency of 
various ratios contained within it. Writing a proportion as a 
fractional equation may more readily enable the student to perform 
certain transformations necessary in solving such problems in chemistry. 
In the present investigation the type of symbolism used in solving 
proportionality problems in the area of stoichiometry will be analyzed 
to determine the relative effectiveness of the two commonly used 
approaches to the area. 

The series of studies conducted by Karpius et al. has provided 
considerable information on the ability of students at both the 
concrete and formal levels of thought to apply proportional reasoning 
to a number of aete: The initial study (Karplus and Peterson, 1970) 
dealt with students! ability to apply proportionality to a problem 


requiring a change in the unit of length measurement. In the task, 
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labelled "Mr. Short," students were provided with answer pages contain- 
ing a scale drawing of ''Mr. Short" and a number of small paper clips. 
Subjects were then shown a display chart with the same figure on their 
pages on the front side and a scaled up version of the figure on the 
back, referred to as "Mr. Tall." With the subjects watching, the 
experimenter measured the two figures using large paper clips (the 
small and large figures were constructed so as to measure four and six 
jumbo paper clips, respectively). Subjects were then asked to measure 
Mr. Short on their papers, using small clips, predict the height of 
Mr. Tall in terms of small clips and explain how they arrived at their 
prediction. A total of 727 subjects, ranging from age 9 to 18 years 
and covering grades four to twelve in both suburban and urban schools, 
were administered the task in a group setting and written responses to 
their, solutions were collected. 

Categorization of the subjects' explanations yielded the following 


categories: 


Category N: (Intuition) - an explanation referring to estimates, 
guesses, appearances, or extraneous factors without 


using the data. 


Category IC: (Intuitive computation) - the subject utilizes the 
data haphazardly and in an illogical way. 


Category A: (Addition) - an explanation using all of the data 
but applying the differences rather than the ratio 


of measurements. 


Category S: (Scaling) - the subject utilizes a change of scales 
when predicting but does not relate this operation 
to the scale inherent in the data and thereby fails 
to see the whole problem. 


(addition and scaling) - the subject focuses on the 
excess height of Mr. Tall, but scales up the excess 
number of large clips by a factor of two to compen- 
sate for the size difference. 


Category AS: 
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Category P: (Proportional reasoning) - the subject uses propor- 
tionality and makes clear how the ratio is derived 
from measurements on the two figures. He may or may 
notyuse the,word {ratio'., 

Results clearly indicated that the older children were better able 
to solve the ratio problem than were their younger colleagues. However, 
it was found that the suburban subjects achieved substantially higher 
on the task by the end of high school than did the urban students (i.e. 
for grades 8--10, 32% of the suburban students were found to exhibit 
proportional reasoning [Category P] compared to only 5% of the urban 
students). No explanation for this discrepancy was offered. Results 
of the categorization of students were inconclusive with respect to 
revealing any developmental sequence in terms of Piaget's theory. 

While Category I (intuitive) clearly represented the most naive approach 
(pre-operational) and Category P the most sophisticated (formal), the 
other groups could not be serially ordered into any logical single 
sequence, It was felt that Categories IC, A and S might form one 
possible sequence while Categories S, AS and P might represent another. 
In fact, the authors suggest a student might progress through either 

ene, of ithese,.sequences:. 

In order to gain further insight into any developmental sequence 
exhibited by the subjects' responses, Karplus and Karplus (1972) 
administered the same task to 155 sixth, eighth and eleventh grade 
suburban students who had been tested two years previously as fourth, 
sixth, and ninth graders. In general, results of the longitudinal 
study agreed favorably with the earlier study (Karplus and Peterson, 
1970) and reflected a certain degree of stability as to the basis of 


categorization. More than one third of the total students tested 
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showed no change in category over the two year period. Changes that did 
occur indicated that Categories AS (addition and scaling) and P (propor- 
tional reasoning) were more advanced than the others (addition [A] and 
scaling [S]) since 36 students (28% of those in other categories) moved 
into AS or P, while only one student (4% of those in AS or P) moved out 
OPP Tto “A. 

On the basis of their longitudinal data, Karplus and Karplus 
suggested grouping the categories into the three developmental stages 
as described by Inhelder and Piaget (1958). Level I (pre-operational) 
would include Categories I and IC, Level II (concrete operational), 
Categories A and S, and Level III (formal operational), Categories AS 
and P, The formal level categories, AS and P, were considered to 
mepresent the respective substagesiof Level (II: wAS ‘correspondingto 
early formal thought (Level IIIA) and P representing formal thought 
(Level IIIB) insofar as proportional reasoning is concerned. 

Because of the somewhat unclear nature of the Categories S 
(scaling) and A (addition), there appeared little justification in 
placing these categories into substages at the concrete operational 
level. Evidence to determine whether the Categories A and S were 
alternate or sequential was inconclusive. Eight of the 39 students 
originally in either of the two categories moved to the other one over 
the two year span. The authors suggested that these categories may 
represent a 'metastable operational equilibrium,' with many students 
changing from one category to the other and then back again to the 
original category during the two years between testing. 


A later study conducted by Karplus et al. (1974) used a new form 
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(Form B) of the original paper clip ratio task (Form Aye oe Lirerormn? B- 
administered to 616 students in grades 4 to 9, subjects were not shown 
the measurement of both figures. Form B subjects were deprived of 
actually seeing Mr. Tall and were only told of his height (this time in 
terms of buttons). The ratio of the heights of the two figures (6:4) 
remained constant for both forms of the task. Results of the categor- 
ization of subjects on Form B revealed an exceedingly small fraction of 
responses in the S (scaling) category, a category which had included 
about one-third of the responses on Form A. Frequencies of responses 
increased in categories which required conceptual processing of the 
data (e.g. addition) and P (proportional reasoning). 

A substantial fraction (between 30 and 40 per cent) of subjects on 
Form A appeared to provide an explanation which was derived principally 
from perception rather than reliance on data measurements. On Form B, 
where subjects were deprived of the opportunity to observe the large 
figure and the large clips, subjects did use the data with varying 
degrees of success. Karplus was therefore led to conclude that the 
intuitive and scaling responses to Form A (Categories I and S) may 
reflect the individual's cognitive style rather than a developmental 
sequence in the Piagetian sense. However it should be noted that any 
relationship between cognitive style and performance on these tasks is 
on the basis of evidence provided, purely speculative. It may well be, 
for example, that the effect of changing the format in the two forms of 
the task (Form A and Form B) was to remove much of the initial ambiguity 
in interpretation of the instructions present in Form A. 

The Form B ratio task was considered more satisfactory for study- 


ing cognitive development as it compelled subjects to make use of the 
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data. While little can be said of the influence of conceptual style on 
students' performance on the basis of this study, it does point out the 
importance of the specific nature of any task presentation in future 
investigations of this type. 

To gain further insight into the generality of formal thought, 
Wollman and Karplus (1974) studied the responses of 450 seventh and 
eighth grade students to six problems which required proportional 
reasoning and which presented varying degrees of concreteness. Four of 
the tasks required students to make inferences and to provide an explan- 
ation of their reasoning. These included the Paper Clips Form B task, 
a Candy task, a Ruler task and a Pulley task. Three geometrical items 
and four numerical items were also administered using a short-answer 
paper-and-pencil format to further extend the range of situations faced 
by the students. 

The four tasks chosen varied in their level of '‘concreteness', 
with the Paper Clips Form B task and Ruler task considered to be the 
Most concrete. While the Pulley task included concrete aspects it was 
intended to be more difficult and to challenge subjects who used 
proportional reasoning on other tasks. The Candy task, involving 
prediction of the color composition of bags of candies (red candies 
and yellow candies) given certain information, was considered the most 
abstract. According to the authors all tasks in the study were devised 
to apply the ratio and proportion concept in familiar or easily imagined 
situations and were independent of the understandings of certain 
Scientific principles, i.e. the law of moments, light propagation, etc. 


The geometrical items were presented in pictorial form rather than in 
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numerical form and were similar to exercises commonly found in mathematics 
texts. The numerical items presented information in purely abstract 
form-number pairs out of context. They were included to test subjects! 
ability to apply proportional reasoning with no circumstantial clues 
and resembled items used by Lovell and Butterworth (1966). 

With minor modifications the categories used in the Paper Clips 
task were adapted for use in the Candy, Ruler and Pulley tasks. As the 
geometrical and numerical items did not require explanations, they were 
evaluated solely in terms of the accuracy of responses. In general, 
results of the extensive collection of data in the study indicated that 
there was a lack of generality of proportional reasoning over the six 
tasks. For example, only eight students consistently showed proportional 
reasoning on each of the Paper Clips, Ruler and Pulley tasks. On the 
more abstract Candy task, a large number of students used additive 
reasoning rather than advancing to one of the subcategories of propor- 
Pi0nal reasoning. As expected, inotasksowhererconcretevaspects, existed 
(as in the geometrical items, the Ruler task and the Paper Clips task), 
more students answered the questions successfully than for the more 
abstract tasks. Overall, about one-fifth of each group tested applied 
proportional reasoning at the formal level consistently on several tasks. 
Approximately one-fourth of each group applied proportional reasoning 
at the formal level on some of the tasks but not on others and numerous 
incorrect additive strategies were used by many students on several 
tasks, 

The series of tasks and studies conducted by Karplus and his co- 


workers suggest a number of considerations for the present investigation 
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into proportional reasoning in chemistry. First from a methodological 
point of view, the group administration of tasks requiring Subjects, to 
write down their responses has been shown to be a viable approach in 

this area. The present study uses tasks in both a chemical and non- 
chemical context administered in group format. The categories described 
by Karplus, especially the subcategories of concrete and formal thought, 
may prove useful as a basis for categorization of subjects in the present 
study. 

Results of the Wollman and Karplus (1974) study are consistent with 
earlier findings with respect to the difficulty associated with propor- 
tionality problems as reported by Lunzer and Pumfrey (1966) and Lovell 
and Butterworth (1966). Lunzer and Pumfrey reported that the majority 
of children were able to make successful predictions using Cuisenaire 
apparatus for all ratios by the age of nine. Their study which used a 
number of approaches, rods, a pantograph, balance beams, sets of number 
pairs, etc., revealed that true proportional reasoning unaccompanied by 
physical actions was rarely used by average subjects below age fifteen. 
Like the large number of subjects categorized as Category A (addition) 
by Karplus et al., Lunzer and Pumfrey found that children at all ages 
seem to prefer additive modes of solutions even when the problem could 
suggest multiplicative methods. That is, in attempting to establish a 
relation between relations, the unsuccessful student prefers to add and 
subtract, and perhaps multiply but seldom divide. Although students' 
explanations involved using all of the data, as many as 50 per cent of 
subjects on some tasks merely applied the difference between measures 


rather than the ratio of measurements. Lunzer and Pumfrey concluded 


7 exjetiue girinpet etaas te nalbeterte tiation org 5 


at flomorqys sidtiv «ed Gk ere hotel seth neopets 
spon tie Inctmaiia n araddemi-edee? eee ‘gadis es | “a 
| barons eatrngerse att Seetor mors NL-s9 vate tai oz = 


a ( 4Agha? Lanimot tans aver anod Yo Pabvoge seodua: 0, ccecosmenl 
. eats, ais Ab etuetdve BO nation ivogaen 102 2iéa? » or nee 


; Msi sisieiniss ste vote ($881) cetqred Sng. age Om one Roa 
” =, 
7 


moog hs Sa batninases \ofucitiis o4f ©? Sonpeng eee 

; i) 

‘ (fopad bap (bel) vo view? Ane usc) vd Serseget ee oo 
wie she Sods betroqet festa bee serch | ef AOeLps 


ae 


; a . bb achciinatad genzey ehotsatioty suites a4 ASM ot ta et 
|b reer Mottu vibes 2 vy towl gaint to 992 off VC Retigg ih “*e 
atau Seigtid (cnest obtdled eh CQnieeg a «aie 4 0pge 
- Neg sina ees snkworssy (sacttpotese ai sell nian si 
} : bi3.gys ‘woied 23 vatdye sasrivE vd wide Yi ted 2a 

* ioteabbo) & wiogsiss eu Wanivoge tao asmtne ¥o “vesclanteny 
2 


ast. $8 Gerhi ids tas bau ote) brs sot .. fe oe 
es | . . 


> 
» . 7 


S) Biuay Wettiery oss siniad fats enoitnloe 46 esbhom RTERO: Cet @ 
| 9 GS geboqeesis vi 2h -2yit oie ovteatteiatande 
& ra ‘os excterg Tnetass2 lyfeco sue of9 petintyaley & 
geansts sacahieee mobiles Sud lentil axtitel taal 
i + ‘ 


i om, 02 ae Milam 25 , Stab ond “ko Die ‘sreckee bev bowed 
ieee saeersh tb silt yg Dinegh cane het 


oe 


— 


oo 


that although students had learned multiplication and division, they did 
not really appreciate the inverse relationship between them. 

The study performed by Lovell and Butterworth (1966) on the abilities 
underlying the understanding of proportionality involved 20 tasks, some 
of which did not relate to the schema of proportion. The tasks included 
number analogies, the balance experiment, and the Rings and Shadow exper- 
iment (Inhelder and Piaget, 1958), the relation between the size of the 
external angle of a regular polygon and the number of sides of the poly- 
gon, verbal analogies, money problems, rate and time problems (both 
direct and inverse proportion), and ratios of the areas of similar 
triangles. A principal-components analysis performed on the intercorre- 
lation matrix for the tasks showed that a marked general factor was in 
evidence which correlated highly with tasks involving the proportionality 
schema. For example, of the five tasks which had loadings greater than 
0.7 on the general component, the task which involved calculations of the 
missing numbers, i.e. 16 IZ 

8 6 

10 he 9 

? 9 
received the highest factor loading (0.84). As pointed out by the 
investigators, this was not unexpected as this task was the clearest 
type of exercise involving the equivalence of two ratios. Other tasks 
used to characterize the general factor included the two Piagetian 
experiments (Balance, and Rings and Shadows), ratio of the areas of 
similar triangles, polygon problems and verbal analogies. Lovell and 
Butterworth further noted that tasks involving ratio only depend less 
on the general ability than those tasks involving proportion. For 


example, a loading of only 0.47 on the general factor was obtained for 
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the task requiring students to calculate the ratio of the volume of 
cuboids given the dimension of the cuboids. 

In addition to the central intellectual ability factor, Lovell and 
Butterworth also found considerable variation in the level of perform- 
ance of subjects across the tasks. This led them to conclude that cer- 
tain specific abilities contribute to the ability to use proportionality 
in particular tasks. That is, the proportionality schema did not appear 
to be available in all situations and tasks at the same time. In the 
present study an attempt will be made to ascertain the extent to which 
proportional reasoning is applied in a chemical context as compared to 
more general tasks involving proportionality. Section II of the General 
Proportionality Test (GPT) used in the present context includes examples 
of items that received high loadings on the general factor underlying 
proportionality as reported in the Lovell and Butterworth study. Items 
on the GPT include verbal questions and numerical questions involving 
ratio and proportion. 

The studies reviewed suggest that the understanding of the propor- 
tionality schema is a complex problem involving several factors which 
need to be studied from both a psychological and methodological point of 
view. While several studies have dealt with proportionality in a 
variety of content areas, no one has yet investigated the role or. the 
schema longitudinally within current science curricula. Although the 
late acquisition of the schema has been substantiated (Lovell, 1972), 
comparatively little information is available on the developmental 
aspects of proportionality and the specific difficulties encountered by 


students in the classroom setting. Such difficulties may be related 
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to cognitive level, approach taken and specific content studied. The 
nature of the present investigation, by focusing on all three above 
variables, represents an in-depth analysis of the proportionality 


schema in introductory high school chemistry. 
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Chapter III 
INSTRUMENTATION AND PROCEDURE 


The role of the proportionality schema in introductory chemistry 
is the central focus of the present study. A detailed explanation of 
the schema as it relates to selected areas of high school chemistry 
and the instruments constructed to measure it form an important part of 
this chapter. In the first section the four preliminary tices trercione 
conducted prior to the main study are discussed. The second part of 
the chapter embodies the details of the design of the study including 


Sampling, test construction and testing procedure. 


Preliminary Investigations 

Four related pilot projects involving the two forms of the General 
Peoportionality Test (GPT), the set of Piagetian Tasks (PT), and the 
four subtests of the Chemistry Proportionality Test (CPT) were 
conducted prior to the formal administration of the test instrument to 
the main study sample. As a standardized chemistry achievement test 
was made available to the investigator by the Testing Division of the 
Edmonton Public School Board, no preliminary testing of the Chemistry 
Achievement Test (CAT) was undertaken. A brief discussion of the 
approach used in the preliminary investigation of each of the above 


instruments follows: 


i) General Proportionality Test (GPT) 


An initial single form of the GPT was distributed to twelve 
experienced secondary science teachers, professors and graduate students 


in science education in order to assess its accuracy, Clarity cegrec.oL 
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difficulty and relevance to its intended purpose. The decision was made 
at this time to attempt to construct two logically equivalent forms of 
the test, GPT(Form A) and GPT(Form B) in order to allow for the assess- 
ment of both pre- and posttest student performance on this instrument. 
The test format for both GPT forms was identical and consisted of 


the following type questions: 


i) dummy items {(Q 1-3) 
ait) conversion-type items (Q 4,5) 
ii) ratio type-items (Q 6,7) 


v) inverse proportionality-type items (Q 12-14) 
vi) combined proportionality-type item (Q 15). 


3 

2 

2 
iv) 4 direct proportionality-type items (Q 8-11) 

After incorporating other more minor changes deemed necessary by 
the consultants the GPT was administered during May 1975 to two classes 
of Grade 9, Grade 10 and Grade 11 students (N = 155) in order to further 
refine the instrument. One class at each grade level was given one form 
of the GPT while the other was administered the alternate form. 

A more detailed discussion of these proportionality type items in 
the GPT is presented in a later section of this chapter. 

Results of the preliminary testing served to establish the degree 
of reliability of the two forms of the GPT. Minor format changes 
together with the rewording of several items in accordance with 
terminology more consistent with the curriculum were also taken at this 
time. The decision to include an additional section in the instrument 
consisting of items which were found by Lovell and Butterworth (1966) 
to correlate highly with tasks involving the proportionality schema was 
also taken at this time. Certain verbal reasoning type questions were 
also included in this additional section in an attempt to further 


discriminate between those students operating at the concrete and formal 
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operational levels of cognition. 

Revised forms of the GPT were administered to a sample (N = 216) 
of students in Grades 7 to 11 inclusive during the 1975 fall semester 
term. Results of this investigation provided the basis for several 
further minor modifications in the GPT forms. In order to ascertain 
whether or not the forms were statistically equivalent, an analysis 
was conducted on the basis of the preliminary testing results. These 
are presented and discussed in a later section of this cheney dealing 
with the GPT. 

Changes included rewording of certain items together with varying 
the position of the keyed response to each item so as to avoid any 
consistent pattern. In addition certain numerical series questions 
were replaced and a section added which required students to give a 
written explanation for their answer in each case. The revised forms, 
GPT(Form A) and GPT(Form B) are presented in Appendix A. Items in the 
first section of each GPT form corresponding to particular proportion- 


ality types are included in Appendix F. 


ii) Ptagetian Tasks (PT) 

The major objective of piloting the four Piagetian Tasks was to 
produce a workable group form of the tasks which could be used to pro- 
vide a measure of the current cognitive functioning level of the 
students. Initial consultation with Piagetian experts resulted in 
replacing one of the originally proposed tasks because of the inappro- 
priateness to the focus of the present investigation. Construction of 
the tasks chosen for inclusion in the pilot test booklet closely 


followed criteria used in the balance problem (Inhelder and Piaget, 
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1958) and those used in other investigations, namely the Ratio Task 
(Form B) (Karplus and Karplus, 1972) and the Islands Puzzle (Karplus 
and Karplus, 1970). An additional task devised by the investigator, 
the Metric Puzzle, was also included in the test booklet. The Piagetian 
tasks were then group administered to a Grade 10 and Grade 11 sample of 
chemistry students (N = 50) during the 1975 fall semester. Results of 
the testing support the finding of Rowell and Hoffman (1975) who 
maintain that it is possible to translate some Piagetian problems into 
a reliable group form for ease of administration and assessment. Given 
iiesantended: purpose of the Piagetian indicators.in the,present 
investigation, the group approach appeared to be a viable one in the 
present: context. 

The Piagetian Tasks in booklet form are presented in Appendix B, 
together with the criteria used in assessing student performance on 


these tasks. 


iii) Chemistry Proporttonaltty Test (CPI) 

The four subtests of the CPT deal with the following topics in 
introductory high school chemistry: a) nomenclature and the writing of 
formulae, CPT(1), b) chemical reactions, CPT(2), c) the mole concept, 
CPT(3), and d) gravimetric stoichiometry, CPT(4). Development of the 
subtests of the CPT took the following general course: 

1. An initial draft of the subtest was prepared by the investiga- 


tor based on an analysis of the ALCHEM Materials* covering the topic 


*ALCHEM Materials refers to the Alberta Chemistry Project Materials 
developed for high school chemistry by Edmonton School District ee 
Copyright, 1975. Units relevant to the present study appear in Appen- 
dx G.; 
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in question. Those aspects dealing directly with the proportionality 
schema were incorporated into the instrument. Several items not 
directly related to the proportionality schema were also included in 
each subtest in an attempt to have each subtest more realistically 
conform to the unit of study covered. _ Drafts of particular subtests 
of the CPT were distributed to the four science teachers cooperating 
in the pilot investigation for their comments. 

2. Following revision and feedback from the practising science 
teachers, a second draft of each subtest was constructed incorporating 
those changes deemed necessary by the consultants. Considerable revision 
occurred at this stage including the complete deletion of questions, 
rewording of items and adjustment for writing time. These revision 
sessions also produced a number of questions and suggestions for 
Subsequent subtests of the CPT. 

3. An initial form of each CPT subtest was administered by the 
cooperating teachers to the six Grade 10 classes (total N = 119) 
following the conclusion of instruction of the appropriate topic during 
the 1975 fall semester. Students were informed beforehand that 
results of each subtest would serve as part of the regular classroom 
evaluation in the chemistry course. Following suggested revisions by 
the cooperating teachers and results of an item analysis on each sub- 
test of the CPT, a final draft was constructed. The general format for 
the CPT subtests incorporated two main sections. Section 1 is composed 
of multiple-choice, machine-scored items dealing with those aspects of 
proportionality pertinent to the topic. Parallel types. of items as 


those found in the General Proportionality Test (GPT). (e.g. conversion, 
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ratio and direct proportionality type questions) are included in this 
section, The second section consists of short answer, more open-type 
questions involving proportional reasoning in chemistry for which 
students are required to explain their responses. 

Final version of the four CPT subtests, CPT(1), OPE (2 er Paco yee 
and CPT(4) are presented in Appendix C. Items on the subtests 
corresponding to particular proportionality types are indicated in 


Appendix F. 


The Sample 

The total sample for the study consisted of 309 students enrolled 
in Chemistry 10 programs in three high schools of the Edmonton Public 
system and one high school in the Edmonton Separate system. A total of 
twelve classes and ten teachers were involved during the 1976 winter 
semester, 

The main study sample (N = 168) consisted of seven ALCHEM Materials 
classes in two Edmonton Public high schools. Four of the five CHEM 
Study classes (N = 141) were drawn from the Edmonton Separate system. 
Each of the seven cooperating ALCHEM classes was taught by a different 
teacher, while two cooperating CHEM Study teachers each taught two 
Classes. The remaining CHEM Study class was taught by one teacher in 
a large composite public high school. 

While all preliminary testing of the Chemistry Proportionality 
Test (CPT) was conducted on students using the ALCHEM Materials Program, 
the major purpose of the investigator was towards the more general role 
of the proportionality schema in introductory high school chemistry. 


As CHEM Study is a much more widely used and recognized chemistry 
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program, it was incorporated into the study design for comparative and 
generalization purposes. Those topics covered by the CPT subtests are 
common to both CHEM Study and the ALCHEM Materials Program. 


Given the nature and demand of the testing procedure, a volunteer 


teacher approach was used in obtaining cooperating classes rather than 


a random selection of classes for inclusion in the main study sample. 


Test Construction 

Four main test instruments were used in the study: 

i) Chemtstry Achtevement Test (CAT): A 60-item multiple-choice, 

4 distractor open book general achievement test based on the Chemistry 
10 program. The CAT first formed the Chemistry 10 final examination 

for the Edmonton Public schools in January 1975. Items on the CAT were 
drawn from a pool of some 400 items for which item statistics are 
available. The CAT deals with all major topics in the Chemistry 10 core 
program and includes items equivalent to those present on the subtests 
of the Chemistry Proportionality Test (CPT), e.g. chemical nomenclature, 
chemical reactions, mole concept, and gravimetric stoichiometry. 

ii) General Proportionality Test (GPT): The two forms of the GPT 
(Form A and Form B) deal with ratio and proportion as they are applied 
in common situations. Form A and Form B were constructed to be 
logically equivalent in both the format and type of proportionality 
question found in each. In order to assess whether the two forms of 
the GPT were equivalent in a statistical sense, t-tests were performed 
on the basis of preliminary data collected during the 1975 fall .cemester 
term. Two classes in each of Grade 9, Grade 10 and Grade 11 (N = TS5) 


were each administered either Form A or Form B of the GPT. 
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Calculation of t-tests revealed non-significant differences between 
the means of GPT(A) and GPT(B) for Grades 10 and 11 (per 20) ey Tite 
difference between means for the Grade 9 sample was found to be signifi- 
cant at the 0.05 level (t = 2.24, df = 51). However, as one Grade 9 
class was noted to be academically weak in other subject areas, little 
emphasis can be placed on the significant result encountered on the 
basis of this sample. In view of the intended nature and level for 
which the GPT was designed there appeared to be support for the 
Statistical equivalence of the two forms of the instrument. 

Boeptinst section of both forms of the GPT consists of multiple 
choice items dealing with the following aspects of the proportionality 
schema. 

1) Conversion problems. While not necessarily employing ratio or 
proportion directly, conversion type problems require students to 
perform a transformation or reduction on given data to yield a required 
result. This alteration may take the form of a simple conversion (e.g. 
inches to centimeters) or more commonly to problems where the conversion 
yields a more interpretable form, 

e.g. A family of four reports that their monthly food 
bill is $150.00. What would the year's food cost 
for this family be? 

It should be noted here that the conversion type problems, as used 
in the study, may be viewed as a special case of proportionality 


involving unity. That is, in the above example, the proportionality 


expression, a2 ay could be used to obtain the correct answer. 


2) Ratio problems. This type of problem involves the ability to 
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Items dealing with ratios require students to understand the fixed 
relation between or among quantities and numbers and may or may not 
involve the reduction of given ratios to simpler forms. 
e.g. An electronic parts assembler, Tom, is able to 
produce 4 complete units in 20 minutes. A second 
worker, Bill, assembles 3 similar units in 18 
minutes. Who works faster, Tom or Bill? 

3) Dtrect proportionality problems. Proportionality items of 
this type deal directly with the quality of ratios and require the 
understanding of the direct relation among quantities such that the 
quotient of the first divided by the second equals that of the third 
divided by the fourth. Normally students set up a proportionality 
expression based on the given data and solve for the required unknown. 

es0. “A recipe for orange punch wequires that -5 
cups of orange juice be mixed with 8 cups 
of water. How many cups of orange juice 
are needed to make 52 cups of punch? 

As noted earlier, this type of problem is not unlike the conver- 
sion problem where proportionality expression is solved to yield the 

: : ; ; ‘ : 5 X 
desired answer (in this case the expression is given by Tz 7 ER) 

4) Inverse proportionality problems. Although similar to the 
above proportionality items, this type deals with proportionality as 
it relates to inverse (or indirect) relationships among quantities as 
applied to common situations. 

e.g. Five men build a large pre-fab house in 10 
days. How long will it take 15 men, of 


equal capability, to build an identical 
house? 


The second section of the GPT consists of questions related to 


ratio and proportion and includes: 


1) Verbal questions. Items of this type include both verbal 
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analogy questions and items measuring verbal reasoning. Lovell and 
Butterworth (1966) found that verbal questions of this nature loaded 
highly (0.7) on a general factor they identified as being strongly 
related to the proportionality schema. 

G.2. LOe 15 toy foot as finger?is to hand, 


e.p% JOG 1s taller than Bill,”"Joe“is shorter than 
John. Who is tallest of the three? 


2) Numerical questions. These items include numerical questions 
involving ratio and proportion dealing with arithmetic and geometric 
series that can be solved by multiplication or division by a whole 
number. In addition items are included which deal with the calcula- 


tion of missing numbers and numerical analogies. 
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iii) Chemistry Proporttonality Test (CPT): A test devised for 
the study of short answer questions in introductory chemistry in which 
students are required to show all their work in arriving at their 
solutions. The CPT is composed of four subtests each one dealing with 
one of the following topics: 
a) Chemical nomenclature and the writing of formulae (CPT(1)). 
e.g. Given two hypothetical elements X and Y with 


valence +6 and -2 respectively, suggest a 
formula for the compound formed between X 
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b) Chemical reacttons (CPT(2)). 


e.g. Write a balanced chemical equation from the 
Statement: Aluminum sulphide reacts with 
water to form aluminum hydroxide and hydrogen 
sulphide. 


c) Lhe 'mole' coneept (CPT(3)). 


e.g. Determine the number of moles in an 80g 
sample of NaOH (1 mol = 40g). 


d) Gravimetrte stotchtometry (CPT(4)). 


e.g. Given a balanced chemical equation represented by 
aA + bB = cC + dD where a, b, c, and d represent 
the numerical coefficients of the substances 
A, (By Ge rand<D, Students’ are-asked ‘ta ‘calculate, 
for example, the number of moles of B required 
for complete reaction with X moles of A. 


The items on the CPT subtests were constructed so as to illustrate 


chemistry aspects of the proportionality schema analogous to those found 


in the General Proportionality Test (GPT). For example: 
i) Converston type problems. 


e.g. Find the number of atoms in 16 g of sulphur 
(At. we 2 Ob SS =s52) 


ii) Ratto type problems. 


e.g. Determine the reacting ratio of two substances 
in a given balanced chemical reaction. 


iii) Direet proportionality problems. 
e.g. Given that one mole of any element contains 
6.02 x 107% atoms, calculate the weight of 


one atom of oxygen (at. wt. of oxygen = 16). 


iv) Ptagettan Tasks 


These refer to the following paper-and-pencil tasks used in the 


present study: 


a) Balance Problem (BP): (Inhelder and Piaget, 1958; Lovell, 


1961; Lunzer and Pumfrey, 1966). 
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b) Ratto Task (RT): a modification of the Form B paper 
clip ratio task used by Karplus et al. (1974) described 
in an earlier section. 

c) Metrte Puzzle (MP): a direct proportionality task 
requiring students to predict a distance in kilometres 
given basic data necessary for the conversion. The 
Metric Puzzle is a modification of that used by 
Gollea, O75, 

d) Islands Puzale (IP): a paper-and-pencil formal opera- 
tional task requiring students to answer questions 
concerning possible plane routes among a series of 
four islands, given certain constraints. 

The set of Piagetian Tasks (PT) are presented in booklet form in 


Appendix A. 


Testing Procedures 

At the beginning of the 1976 winter semester, all Grade 10 
chemistry students cooperating in the main study were administered 
one form of the General Proportionality Test (GPT). Prior 
to the commencement of any instruction in chemistry, the set of Piagetian 
Tasks (Balance Problem, Ratio Task, Metric Puzzle and Islands Puzzle) 
were administered collectively during regular classroom periods. The 
four subtests of the Chemistry Proportionality Test (CPT) were adminis- 
tered by cooperating teachers following the conclusion of each appropri- 
ate unit of instruction during regular classroom periods throughout the 
15 week semester period. At the conclusion of the term, all students 
in the sample were then given the Chemistry Achievement Test (CAT) as 
part of their regular classroom evaluation in chemistry. At. this time 
all students in the sample were also administered the alternate 
equivalent form (either Form A or Form B depending on the initial 


assignment) of the General Proportionality Test (GPT). 
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For a given class in the main study the basic design could be 
Tepresented as: 
Pretest Posttest 


GPT (B) 


Class A GPT (A) | 
CAT 


a CPD il)! CPT(2)-) CPT Gj opine 
No direct attempt was made in the investigation to control for 
instructional variables within the two basic instructional approaches 
identified for inclusion in the study. As such the design of the 
investigation does not represent a true experimental approach to the 
problem. Rather, the emphasis was viewed more as the identification 
and descriptive investigation of problems associated with proportional 


reasoning in introductory high school chemistry which may yield 


practical implications for the classroom teacher. 
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Chapter IV 
RESULTS AND DISCUSSION 


Introduction 

The results of the study are presented and discussed in this chapter. 
The chapter is organized into four or sections.) | Theslirstascer tod 
presents the findings with respect to the Piagetian Tasks (PT), the two 
forms of the General Proportionality Test, GPT(Form A) and GPT(Form B), the 
Four subtests of the Chemistry Proportionality Test, CPT(1), CPT(2), 
CPT(3), CPT(4), and the Chemistry Achievement Test (CAT). 

In the second section, results relating to the major hypotheses, 
Semen 2.1, 2.2, 35.1 are discussed. These results deal with the 
relationships between proportional reasoning in chemistry and (i) achieve- 
ment in chemistry, (ii) cognitive functioning level, and (iii) propor- 
tional reasoning in nonchemistry contexts, respectively. 

The third section of the chapter deals with analysis and discussion 
of results pertaining to the related questions involving a possible 
hierarchical sequence of proportional reasoning in both a chemical and 
nonchemical context and the relationship between sex and cognitive 
functioning level. 

The fourth section of the chapter discusses additional observations 
concerning proportional reasoning and problem solving in chemistry in 
view of related findings of the present study. Selected areas which are 
considered to have more direct implications for the practicing classroom 
teacher are explored in this final section. 

The reader is reminded that the total study sample (N = 309) was 


comprised of: 1) a main study sample (N = 168) consisting of students 
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studying the ALCHEM Chemistry 10 materials, and (ii) a second study 
sample (N = 141) consisting of students enrolled in the CHEM Study 
version of the Chemistry 10 program. While most of the discussion 
relates to the main study sample, where indicated, results refer to the 
total sample (N = 309). A final section dealing with problem solving 

in introductory chemistry deals with both samples (ALCHEM and CHEM Study) 
separately. 

Item scoring and item analyses for all tests were obtained through 
facilities of the Testing Division of the Edmonton Public School Board. 
All statistical calculations were executed on the University of Alberta 
Amdahl 470 computer, using documented programs of the Division of 
Educational Research Services (DERS). The level of significance adopted 
for statistical tests of hypotheses in the study was 0.01. That is, null 
hypotheses were rejected only if the probabilities of the observed 
relationships or magnitudes arising by chance were one per cent or less. 
This decision to accept an alpha level of 0.01 was made with respect to 
the probabilities of committing Type I (a) and Type II (8) errors in the 
treatment of the major hypotheses. The probability of rejecting a null 
hypothesis when it is true (Type I error) is decreased by the choice of 
a more restrictive level of significance. There also exists, however, 
the possibility of increasing the probability of a Type II error, Leo 
failing to detect a genuine difference when it does occur. For any 
choice of alpha level and given observed difference, the probability of 
committing a Type II sate: is a function of sample size. In the present 
context, chances of Type II errors occurring are considered sufficiently 


low in view of the study sample size (N = 168) to warrant the Choree ot 
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a higher confidence level of 0.99. This is particularly evident with 

respect to the classification criteria for the Piagetian Tasks (PT) where 

every effort was made to give the benefit of any doubt to the student. 
The following section presents the results of the test instruments 


used in the study. 


Test Results 


The Piagetian Tasks (PT) 

The four Piagetian Tasks comprising the PT were described in 
Chapter III and are presented in booklet form in Appendix B together with 
the criteria used in assessing student performance on each task. 

Student responses to each task were examined in view of the criteria 
considered indicative of concrete and formal thought. Students meeting 
the minimum established criteria for each task were considered successful 
Saeenet task. As such, 'success' refers only to .the-ability of-students 
to fulfil a set of minimum criteria associated with both concrete and 
formal operational thought for each of the four tasks. In this sense 
Mack of .success' on a.task infers .only that a .student, failed to 
adequately fulfil those conditions associated with formal thought. 
Following assessment of student performance on individual tasks according 
to the criteria established for each, students in the total study sample 
(N = 309) were categorized into four broad cognitive levels, concrete 
operational (C), transitional (T), early formal operational (Fl) and 
late formal operational (FO) 

Category (C) included only those students who did not meet the 
minimum requirements on three or all four of the tasks, the Balance 


Problem (BP), the Ratio Task (RT), the Metric Puzzle (MP), and the 
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Islands Puzzle (IP). No distinction was made between the early and late 
substages of concrete operational thought. Students failing to satisfy 
minimum requirements on any two of the four tasks presented were said to 
be operating at a transitional (T) level for purposes of the study. 
Students meeting criteria on three of the four tasks or all four tasks 
were said to be operating at the early formal (Fl) and late formal 
operational (F2) levels, respectively. Student performance on each task, 
together with each student's cognitive level categorization, are presented 
eavAppendix E. 

The classification of the total study sample in terms of cognitive 
memctioning level is presented, inyTable II. 

In gross terms, 151 of the total sample of 309 students (48.9%) 
were found to be capable of using formal operations in their thinking 
with respect to these tasks and 89 students (28.8%) were still limited 
to concrete operations. The remaining 69 students (22.3%) were deemed 
to be at an intermediate or transitional level of thought. This sugges- 
tion relies heavily on the assumption that the group administered tasks 
as used in the study give a valid indication of the levels of cognitive 
functioning (Rowell and Hoffman, 1975). These general results are in 
basic agreement with other investigations conducted in the area (Renner 
and Lawson, 1973; Hobbs, 1975; Field and Cropley, 1968) which indicate 
that a considerable proportion of high school students are not functioning 
at the formal operational level. 

The decision to categorize the total study sample on the basis of 
composite task performance rather than single task performance resulted 


in the omission of any more sensitive analysis. That is, for example a 
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Total Sample Categorization According to 


Cognitive Level 


N = 309 


Total Study 
Sample (N=309) 


Main Study 
Sample (N=168) 


Pomnitive Level 


Concrete Operational (C) 89 (28.8%) Boao 2n-o) 
Transitional (T) 69 (22.3%) 5925.16) 
Early Formal (F1) 84. (27 22%) Si (22545) 
Late Formal (F2) OF (21.57%) Sh C22 teo) 
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student termed transitional (T) refers to his or her overall performance 
on the set of tasks, rather than to performance on any given task. 
However, an analysis of the overall task performance revealed that only 
44.9 per cent or 139 students of the total sample (N = 309) met the 
minimum formal operational criteria established for the Islands Puzzle 
(IP), while 66.0 per cent (204 students) were able to meet the formal 
criteria on both the Balance Problem (BP) and the Ratio Task (RT). One 
hundred and sixty-two students (52.4%) met conditions established for 
the Metric Puzzle (MP). 

Table III presents the phi correlation coefficients among the four 
PT tasks. Intercorrelations based on the phi coefficient were considered 
to be more appropriate than the Pearson product-moment correlation 
coefficient as the underlying Variable of success «or farluresonpeach task 
as determined in the study was considered to be a dichotomy of a more 
general underlying cognitive ability variable. That is, students above 
a certain threshold level on the cognitive variable could meet formal 
requirements on the PT task, those below could not. 

As expected, all four formal operational tasks were found to be 
significantly intercorrelated (p < 0.01). This is understandable in that 
three of the tasks (BP, RT and MP) dealt directly with the proportionality 
schema (or at least the understanding of the equivalency between stated 
ratios) while the fourth, the Islands Puzzle (IP) required the generation 
of all possible combinations of a hypothetical situation given certain 
parameters. As Pache it possibly taps another subset of formal abilities. 
For purposes of the present investigation, performance on all four tasks 
served as a general measure of formal operational thought. 


In an effort to gain further insight into the nature of the 
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strategies employed by students in answering the Pragetian tasks) a 
further categorization based on the total sample was attempted using the 
Ratio Task (RT) as the criterion variable based on the system of categori- 
zation described by Woliman and Karplus (1974) referred to in Chapter II. 
Students' explanations were classified according to the following 
categories: 

Category N (No explanatton) - 6 students. 

No explanation or statement offered. 

Category I (Intutttve) - 2 students. 

An explanation referring to estimates, guesses, appearance, 
or extraneous factors without reference to the data. Examples of predic- 
tions or guesses included: 

"T have seen a large flask and it is just larger around 

the middle. But the height is about the same as the 

Stialbiflasks ¢So6l ajust Hook a 1itthesguess.}' 

"i just euessed.™ 

Category IC (Intuitive Computation) - 13 students. 

Here the explanation offered was based on the illogical or 
haphazard use of the data. Examples included: 

"The small flask's height was four paper clips and 

weighed 4 paper clips, So if the small flask was 6 

paper clips high it should weigh 6*paper clips.” 


"T found an object that was very close to the size 
of the large (drawn) paper clip. Then I decided to 
measure the flask." (answer 3.5). 


Category A (Addition) - 72 students. 
An Sfpiteto focusing on a single difference uncoordinated 


with other differences, and solving the problem by addition. Examples 


included: 


$3 


m yadeet (ee POSED Ady Gorbrayeng ne erst t ce 

e He , 

ae 

sFeacets> te hoseve ait Noe beset: NCSA GY hy kter Te ott te ee 
. ; " | 

ry “ya cnt Heetratees FAROE aired: hs abeelae qe bia 


wit one batymettp, 2an Gigi fase? off ro bpeed me 


‘wot lo? Ady Of Bibione Tel piaemed) Cares 


= 7 tro Dete eli Wiqheorn Stine omy . 
' i 


eter ho Iwasa es: Ee 


ie a Lou tet: 


TS THAGKisS ~25ce arty ary Tris ’ SUR es et + | 


SPhatre tov wo komen Ivete Sites ostote teem 
& 


bavors Yaret taut ecrhiies (ee eee & Wabie an 
sry an “ot Suede el Iago re HA . 
; " 2eSifac ail meh s dogs 220E Lt oP . 
A. 
" bees 
J -ahimou72 Gl) Linger ssi plaid pipe: 


"TO iso tro] pr ex} tie a 24 omettg. cp Map 


tt 


shobitsi! sa tqnee ‘aual b> s 

Sits -eqhio crore. Tue) -2gn) tho gon ent f eal 

: | O 2a aeeli bteme ont tom | nthe rt bow 
eS ; aqiio-noqay 0 jt kew bivorde 7h age 

Rd ssizverlt GF Sdic \Vroy sew Zee sabia aw 


v Sie of baviooh Inst. qite weeag Se 
YM ; ) CES eoana “— 


‘a ees 8G , * 2 yq9 Bue St 
7 - a = 7 


beter tro oun naneTottih alugke 2 mo anlaioa 


“264 LnoLashhe vd ty dee ae wiv he 2 Se 


: - 


ve 7) te 


83 


"In the small paper clips it took 6 to get 4 large paper 
clips so you add 2 small paper clips to the height of 
the large flask." (answer 8). 
"The diagram was 2 clips more than they said it was in 
the upper part (referring to the written section) so it 
should be 2 clips higher also." (answer 8}. 
Category S (Sealing) - 9 students. 
An explanation based on a particular ratio that the student 


does not explain or justify. Examples included: 


t 
ee Le 4x = 48 
8 


4 pee alae 


“ihe large paper clips are 2/5 as small So all you do is 
multiply by 2." (answer 10). 


Category P (Proportionaltty) - 207 students. 
An explanation using proportional reasoning and relating the 
scale factor to the data. Examples included: 


mi tsard 415 60 6 aS°6 2S 7to x.) Wlsused proportions. (0 


Say thatidng © Sonn 
ees 9. 


“Ml Jsaw that tie Dig? paper Clips awere 11/2 times thewsize 
of the small paper clips. So I times 1-1/2 the amount I 
measured the small flask, 1,5 x 6 = 9." 

Table IV presents the categorization results on the Ratio Task (RT) 
by per cent. Categories IP (Incomplete Proportion), AS (Addition and 
Scaling), and the three suvcategories of Category P (Proportion), namely 
Subcategory PC (Proportion, Concrete), Subcategory AP (Additional and 
Proportion) and Subcategory R (Application of Ratio) used by Wollman and 
Karplus (1974) in their investigation involving 450 students in Grades 
seven and eight are not reflected in the present categorization. TALS 1s 
due to both the grade level of the present study (Grade 10) and the 


manner in which criteria for categorization were established for the set 
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Total Sample Categorization 


OM KRatnro flask 


N = 309 
Category Description ee NOC Oe ke Per were 
N No explanation 6 tro 
I Intuition 2 0.7 
IC Intuitive ES 4.2 
Computation 
A Addition TZ DRIES 
S Scaling 9 (ee 
Pp Proportionality 207 67.0 
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of tasks rather than on the basis of individual tasks, discussed earlier. 
The narrower range of cognitive ability in the present study prevented 
any finer classification with the overall proportion category (P). 

As expected, the majority of students (67.0%) were able to apply 
proportional reasoning on the Ratio Task (RT). However, the percentage 
using an additive approach was unexpectedly high (23.3%). Wollman and 
Karplus (1974) in their investigation of the same task (Ratio Task, Form 
B) placed approximately one-third of students tested (450, Grades 7 and 8 
students) in Category A. Given the Grade 10 level of the total sample, 
results of the present study reflect an understandable decrease in 
students responding in Category A. Still, the number of students 
categorized as additive thinkers remains considerable and appears to 
represent a persistent mode of reasoning which some students apply in a 
consistent fashion. Students using additive reasoning tend to treat 
given data in a simple, well-defined manner directing their attention 
toward differences in the given information rather than into actual 
data ratios. For example, in the Ratio Task (RT) the focus is on height 
difference instead of the height ratio. The high degree of preference 
placed on the additive mode of reasoning raises a number of questions 
concerning its application to other situations. Is it, for example, a 
function of the given ratios themselves? That is, are problems involving 
simple ratios like 2:1, 2:3, etc., more susceptible to additive approaches 
than more complex ratios? Is the additive mode of reasoning related to 
Cognitive level? If So, does the additive approach represent a means 
for the concrete thinker to achieve success on tasks normally requiring 
formal thought? It may be for example that additive reasoning is an 


effective concrete strategy, however unsophisticated, enabling a student 
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to arrive at the correct response with a minimum of abstraction in a 
sufficient number of situations to warrant its use. In any case, however, 
additive reasoning will go unnoticed unless the science teacher utilizes 
more open-ended type questions which reveal student strategies, rather 
than the more common multiple-choice variety. 

Present findings also suggest that this preference for the additive 
mode prevails even in instances which are suggestive of multiplicative 
methods. For example in response to the following question on the 
Balance Problem (BP), Question c (BP): 

Illustrate how you would balance a 20 gram weight 

peaced an the #/ hole of the left hand side of the 

balance by using a 10 gram weight, 
rather than say multiply the weight (20 g) by the distance given (7 holes) 
and then divide by the new weight (10 g) to yield the required distance, 
responses given by the additive thinkers did not reflect any step 
involving multiplication. Additive solutions included subtracting 7 from 
Posto yield a new distance of .13 holes or even the addition.of 7 to 20 
Eeeproduce 27 holes! 

In any case additive reasoning was clearly evident on both the 
Balance Problem (BP) and the Metric Puzzle (MP). 

For example, on the MP, 16 students or 8.6 per cent were classified 
as additive in their approach to the problem. Eleven of these 16 
students were classified as concrete thinkers (C) on the basis of their 
performance on all four tasks, while the remaining 5 were classified as 
Eransitional (T). Typical explanations for responses from these 
Students included: 


"If you subtract 288-180 you will get 108 difference so J 
wustoadaca 108 to* 550." 
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"{ minused the miles from the kilometers and gots10s8, 
Then I added 108 to 350 to get 458," 


"Since the number is 108 higher from miles to kilometers 
in Calgary it should be the same for Saskatoon." 


Preliminary analysis of the nature and extent of student responses 
Suggests that the additive mode does represent a widespread, stable 
concrete strategy which is clearly not randomly applied. 

This section has dealt with the results and categorization of 
students based on their performance on Piagetian tasks involving propor- 
tional reasoning. We turn now to a consideration of students' performance 


on tests measuring general proportional reasoning. 


The General Proporttonaltty Test (GPT) ~ Form A and Form B 

The two forms of the General Proportionality Test, GPT (Form A) and 
GPT (Form B) are described in Chapter III. Results of the two versions 
@t the GPT are presented in Table V. 

The statistical equivalence of the two logical forms of the GPT, 
discussed earlier, was established on the basis of a preliminary investi- 
gation. GPT (Form A) and GPT (Form B) are identical in format with each 
form containing an initial 15-item multiple-choice section comprised of 
conversion, ratio, direct and indirect proportionality questions, followed 
by a 5-item verbal reasoning section and a 10-item verbal analogy section. 
The final section consists of four numerical series questions in which 
students are required to specify reasons for their chosen responses. Item 
analyses, excluding the open-ended numerical series section for both 
forms of the GPT, Pee eaticd in Appendix F. The four proportionality 
types (i.e. conversion, ratio, direct proportionality and indirect 


proportionality) corresponding to each GPT item are also indicated in 
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Appendix F. 

The Kuder-Richardson reliability coefficients (KR-20) for the 
internal consistency of GPT (Form A) and GPT (Form B) of 0.68 and 0. 745 
respectively, were considered acceptable in view of the nature of the 
instruments. That is, the four separate sections within each GPT form 
tend to increase the heterogeneity of the tests. 

The average test scores for GPT(A) and GPT(B) expressed as 
percentages are equal to 70.3 per cent and 65.0 per cent, respectively. 
In terms of difficulty it appears that the students found the tests 
relatively easy. For both the main study sample (N = 168) and the CHEM 
Study sample (N = 141), no significant differences were noted between 
means on the pretest and posttest forms. The main study sample received 
GPT(A) as a pretest and GPT(B) as a posttest while the reverse was 
true for the CHEM Study sample. 

The Pearson product-moment correlation coefficient between GPT (A) 
and GPT(B) (r = 0.52), together with the above non-significant mean 
differences on the pretest and posttest scores, are discussed in the 
second section of this chapter dealing with the relationship between 
proportional reasoning in chemistry and proportional reasoning in a 
nonchemistry context. The section which follows addresses itself to 
results of the test instruments used to assess student performance in 
selected areas of introductory chemistry involving proportional 
reasoning. 

The Chemtstry Propor . onality Test (CPT) 


The Chemistry Proportionality Test (CPT), described in Chapter 


fit. consists of four subtests, in two sections, dealing with the 
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following topics in introductory high school chemi stiy;: CPR) o- 
Nomenclature and the Writing of Formulae; CPT(2) - Chemical Reactions; 
CPT(3) - The Mole, and CPT(4) - Gravimetric Stoichiometry. Means, 
standard deviations and Pearson product-moment intercorrelations of the 
multiple choice portions of the CPT subtests are included in Table V. 
Item analyses for items in each subtest are presented in Appendix F. 

The CPT subtest means expressed as percentages are equivalent to 
bac, 64.0, 66.5, and 61.3 per cent, respectively. .The om for stne 
ioral Chemistry Proportionality Test, CPT(T), is equivalent to 64.5 
Perecent. these findings are consistent with results of the initial 
forms of the CPT subtests administered in the preliminary studies and 
meeein general agreement with the consensus of the seven chemistry 
teachers involved in the main study who felt that the CPT subtests were 
fairly difficult but content valid tests of material pertaining to 
proportionality in the Chem 10 ALCHEM Materials. 

The calculated KR-20 internal consistency eee ate FOr J tRencP fF. 
subtests of 0.70, 0.61, 0.77, and 0.70 are in substantial agreement with 
KR-20 values of 0.69 and 0.74 calculated for GPT(A) and GPT(B), 
respectively. The CPT subtest items were constructed so as to illustrate 
chemistry aspects of the proportionality schema analogous to those 
found in the General Proportionality Test (GPT). As such one would 
expect similar KR-20's for these test instruments as noted. Specific 
items corresponding to the proportionality types are indicated in 
Appendix F. The inclusion of conversion type, ratio type and direct 
proportionality type problems in each subtest may have suppressed KR-20 


values by decreasing the homogeneity of the subtests. 
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All intercorrelations presented in Table V among the CPT subtests, 
the CPT(T) and Chemistry Achievement Test (CAT) scores are Significant 
(p < 0.01). The high correlation noted between CPT(T) and CAT (r = 087.9% 
p < 0.001) is discussed in the second section of the chapter dealing with 
the relationship between proportional reasoning in chemistry and achieve- 


ment in chemistry. 


The Chemtstry Achievement Test (CAT) 

The Chemistry Achievement Test (CAT) was made available to the 
investigator by the Director of Pupil Assessment Branch of the Edmonton 
Public School Board. The 60 multiple-choice items on the CAT were 
developed to es Specific content oebyectives-ar the Chemistry 10 


course. Cluster topics and question numbers on the CAT are as follows: 


Cluster Unit Topte Questtons 
1 A Elements and the Periodic Table 1 - 8 
2 B Compounds and Nomenclature 44 - 49, 56 - 60 
3 C (first Chemical Reactions 9 - 16 
part) 
4 C (second Chemical Reactions | 50 - 55 
part) 
> D The Mole Lf, SOS 24 ol = oe 
6 ie dborecrarieis Stoichiometry 18, 2o-- 50, 38:'= 4S, 


In the present investigation the CAT serves as a general measure of 
achievement in introductory chemistry. Results for the CAT are presented 
in Table V. For the students in the present study, the average score of 
36.7 on the CAT is equal to 61.2 per cent with a standard deviation of 9.9. 
An internal consistency coefficient (KR-20) of 0.87 was calculated for 


the study sample, which compares favorably with the reported CAT KR-20 
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coefficient of 0.88 (EPSB Chemistry 10 Survey Test Manual, 1974). Test 
statistics for the CAT are presented in Appendix F. 

The frequency distribution of the CAT scores given in Figure 1 shows 
a rather wide range of scores, with the highest frequency of scores 
occurring near the mean. In order to investigate how students' perform- 
ance on the various proportionality measures is related to different 
levels of achievement, the main study sample was divided into three 
nearly equal groups on the basis of their CAT achievement scores. This 
was done by using the frequency distribution of the CAT to establish, as 
nearly as possible, three groups of equal size (high, middle, low). 
Cutting points at 31 and 42 produced three nearly equal groups of 57, 
p-send 57 students,) respectively. 

Table VI shows the distribution of male and female students in the 
main study sample within the three achievement groups. The sample was 
53.6 per cent male and 46.4 per cent female. A chi-square test of 
independence performed on the test data indicated that there is no 
significant difference in performance on the CAT for the three groups 
aecording (to sex. 

This jinitial sectiion has presented the results jof the instruments 
used in the study. The following section presents the results and 
discussion associated with the relationships among the study variables. 
Statistical procedures associated with the treatment of particular 


hypotheses are discussed in conjunction with the results. 


Major Hypotheses and Data Analysis Procedures 
The major hypotheses are discussed under three main headings: 


i) proportional reasoning and chemistry achievement, ii) proportional 
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TABLE VI 
Distribution of Main Study Sample by Sex in 
High, Middle and Low Achievement Groups. 


N = 168 
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reasoning and cognitive level, and iii) proportional reasoning in 


chemistry and nonchemistry contexts. 


i) Proportional Reasoning and Chemistry Achtevement 

In this initial section the relationships between proportional 
reasoning in chemistry and chemistry achievement (Hypothesis 1.1) and 
proportional reasoning in general and chemistry achievement (Hypothesis 
2.2) are discussed in turn. 


Hypothesis 1.1 - Proportional Reasoning in Chemistry and 
Chemtstry Achtevement 


Hypothesis 1.1 states that there is no significant relationship 
between student ability to apply proportional reasoning in chemistry as 
measured by the CPT, and achievement in chemistry, as measured by the CAT. 
Intercorrelations of the CAT with the four subtests of the CPT and the 
total performance score on the Chemistry Proportionality Test, CPT(T), 
are presented in Table V. All correlation coefficients exceed the 
Pratical»value of 0.25 (df. = 98) at the p = 0.01 level of significance. 

Geethe tour CPT subtests, CPT (2) ‘Chemical Reactions', has the 
highest correlation with the CAT scores (r = 0.70, p < .001). To 
determine the extent to which performance on the CPT subtests contri- 
buted to the variance of the chemistry achievement scores, a stepwise 
regression analysis was carried out on the prediction of the CAT score 
using the two forms of the General Proportionality Test, GPT(A) and 
GPT(B), the set of four Piagetian Tasks, PT, the four CPT subtests and 
the total Chemistry Proportionality Tests sGPT(E) tseoreseas predictor 
variables, 

The stepwise regression procedure makes use of the matrix of inter- 


Correlations among the variables and enters into regression the variable 
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most highly correlated with the variable being predicted, in this case 
the CAT score, The next step involves selecting and entering into 
regression that predictor variable, from the remaining predictors, which 
has the highest partial correlation with the CAT score. This stepwise 
process continues with the re-examination at every stage of the 
regression of the partial correlations of the remaining predictor 
variables with the criterion variable, until all specified predictors 
fave=been-entered -into-the model- (Draper and Smith, 1966, p: 171-173). 

Results of the stepwise regression analysis for the prediction of 
achievement in chemistry from eight major study variables are presented 
in Table VII. The only significant variable entering the regression 
equation is the total Chemistry Proportionality Test score, CPT(T), 
Peeed accounts for 61.7 per cent of the variance in the CAT scores. 
It may be noted that no other major test or subtest significantly enters 
the regression equation over and above the contribution of the total 
Score, CPT(T). 

In an effort to determine the predictive value of the individual 
CPT subtests on the CAT achievement scores, a further stepwise regression 
analysis using 13 predictor variables was performed. In addition to the 
four CPT subtest scores taken separately, the four sections of the 
General Proportionality Test, GPT(A), the four Piagetian tasks, the 
Balance Problem (BP), the Ratio Task (RT), the Metric Puzzle (MP) and 
the Islands Puzzle (IP) and the total score on these tasks (PT) served 
as predictors. Fania VIII presents the results of this regression 
analysis. The first variable entering the regression equation is the 


CPT(2) subtest score, 'Chemical Reactions’, which accounts for 48.9 per 
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TABLE VII 
Prediction of Chemistry Achievement (CAT) Scores 
from the General Proportionality Tests, GPT(A) and 
GPT(B), the Chemistry Proportionality Subtests, CPT(1), 


brace cents), CPIC4) and Total. Score CPT (TY) 


sedictor F Value Total iewbrobabilaty, 


iable for Variable F Level R? 
Entering Entering Value (per cent) 
GPT (T) 268.0 268.0 <a OO Olea 
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TABLE VIII 
Prediction of Chemistry Achievement (CAT) Scores 
from Sections of the General Proportionality Test, GPT(A), 
the Balance Problem (BP), the Ratio Task (RT), the Metric 
Buzzie (MP), theelsilands Puzzle (IP), the Total Score 
on the Piagetian Tasks (PT), and the Chemistry Proportionality 


SUbcest soc lt) seer C2y, CPI (5S), -CPT(4). 


Prediction Peale Total Probability 


Variable for Variable F Level R 
eintering Entering Value (nericent} 
CPT(2)-'Chemical Reactions! 159.2 ES9., 2 001 48.9 
CPT(4)-Gravimetric SS 109.8 .001 STat 
Stoichiometry 
CPT(3)-'The Mole? 16.6 S557 .001 61.0 
CPT(1)-'Nomenclature and 10.6 40, 2/ .0014 63.4 
the writing of formulae 
Regression equation in raw-score form is given by: 
“A 
oh cas tase 0) $s Dae fe eee, 
Y cap = 9-89 X cppe2y * 9-93 X eprca) CPT (3) CPT (1) 
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cent of the variance in the CAT scores. The second subtest to enter the 
equation significantly is the CPT(4), 'Gravimetric Stoichiometry', which 
increases R* to 57.1 per cent. CPT(3), 'The Mole', and CPT(1), 'Nomen- 
Clature and the Writing of Formulae', were entered next, increasing the 
total variance accounted for by the four CPT subtests to 63.4 per cent. 
Consistent with the previous analysis, no other predictor significantly 
entered the regression equation. Results of the stepwise regression 
analysis ‘are’ in agreement with the correlational data. That is, CPT(2), 
"Chemical Reactions', the most significant predictor of chemistry 
achievement, had the highest correlation coefficient with CAT (r = 0.70) 
while CPT(1), "Nomenclature and the Writing of Formulae', the last 
Significant predictor to enter the regression equation, had the. lowest 
(r = 0.65). 

Results of a principal-factor solution (Harman, 1970, p. 135-143) 
performed on the matrix of intercorrelations of eighteen variables 
mmeeetie sections of GPT(A) and GPT(B), the Piagetian tasks, BP, RT, 
MP, IP and total performance, PT, and the proportionality subtests, 
ety CPr(2), CPT(3), CPT(4)), are presented in Table IX. 

The 'method of principal factors' is an application of the method 
of principal components to the reduced correlation matrix (i.e. with 
communalities in place of the ones in the principal diagonal) (Harman, 
1970, p. 137). The method used in the present study used squared 
multiple correlations (S.M.C.'s) as the 'best possible' estimates of 
the comnmunalities (Guttman, 1956). The calculated S.M.C.'s as commun- 


ality estimates are included together with the observed communalities 


in Table IX. 
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TABLE IX 
Principal - Factor Solution 


Varimax Rotation 


Tests Factors Communalities 
cag ha Sey ois Original Estimated 

meee General Proportions - GPT(A) 7a) el) neers: 745 
Zee verbal Reasoning - GPT(A) we .08 44 Rea 
eeeverbal Analogy - GPT(A) .O1 Ly, 250) agi 
4, Numerical Series - GPT(A) Ly Aes lS .09 
o. Balance Problem = BP bali eon a mod, 
6. Ratio Rask-RT e220 .54 BLES) Pie) 
7. Metric Puzzle - MP 750 His . 08 47 
8. Islands Puzzle - IP ,20 49 med) od: 
9. Piagetian Tasks - PT 45) oe =19 oO) 
fa) Chemistry, Proportionality-CPT(1) .69 ye) ely, 756 
Il. Chemistry Proportionality-CPT (2) ae oo a5 SIE? 
fe) Chemistry Proportionality-CPT (3) 63 ne) 150 lial 
f>- Chemistry Proportionality-CPT (4) a 19 adkes oC 
mae General Proportions - GPT(B) Ze od .48 255 
15. Verbal Reasoning - GPT(B) ee aU Beye. 2o0 
16. Verbal Analogy - GPT(B) eel 02 .46 BU) 
17. Numerical Series - GPT(B) als 720 vik a0) 
fee) Chemistry Achievement - CAT -/9 24 24 he 
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Under normal varimax rotation, the solution revealed three LaCtors 
two with eigenvalues greater than unity and the third with a value of 
.82, The first factor, accounting for 17.8 per cent of the total 
variance, appears to reflect a general ability involving to a consider- 
able extent the proportionality schema. All four Chemistry Proportion- 
meey ouptests, CPI(1), CPT(2), CPT(3) and CPT(4), together with the 
achievement measure (CAT) loaded heavily on this first factor. The 
possible existence of a general factor associated with both the CPT 
and the CAT, as was suggested by regression analysis, provides further 
Support for the significant relationship existing between these two 
criterion secloeuese 

ne tour Piagetian tasks, BP, RIT, MP, IP, and the total perforn- 
ance score on these tasks, PT, loaded most heavily on the second 
factor. Results of the principal-factor solution are in substantial 
agreement with those of Bart (1971) on the factor structure of formal 
Operations. Bart administered four formal Piagetian tasks and three 
formal operational reasoning tests dealing with the content areas of 
biology, history and literature. The total sample (N = 90) was 
comprised of 30 scholastically above average adolescents at each of 
three age levels, 13, 16 and 19. Maximum likelihood factor analysis 
showed all four tasks and the three reasoning tests loaded heavily 
(accounting for 58.8 per cent of the common variance) on a general 
factor with the three reasoning tests loading heavily on the secondary 


factor. This secondary factor was said to distinguish the formal tasks 


from the formal reasoning tests. Although the content areas differ 


from that of the present study, results of the present study in 
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introductory high school chemistry also revealed a second factor which 
served to distinguish the tasks (i.e. BP, RT, MP and IP) from the tests 
(i.e. the Chemistry Proportionality Subtests, CPT(1), CPT(2), CPT (Say 
CPT(4)). A third somewhat unclear factor identified in Table 1X appears 
to be associated with sections of the General Proportionality Test (GPT), 
especially those items dealing with verbal reasoning and verbal analogy. 
fiat is, these particular sections on both the pretest form (GPT(A)), 
ena posttest form (CPT(B)), loaded rather heavily on this third factor, 
The two loading clusters of nearly equal magnitude associated with the 
GPT pretest and posttest forms may also be interpreted as a further 
marcation of the statistical equivalency of these test instruments. 
further, the consistent nature of the factor loadings for the ‘General 
Proportions' and "Verbal Analogy' sections on both forms is in agreement 
with findings of Lovell and Butterworth (1966), which indicated that 
verbal analogy type items loaded heavily on tasks involving the 
proportionality schema (e.g. .84). The non-significant factor loadings 
noted for the 'Numerical Series' section on both GPT forms indicates 
that performance on items of this nature is not represented by a 
dimension reflected in the domain of the third factor. It may be that 
students' ability on tasks involving completion of numerical series, 
€.g. Item 33 - GPT(A): 


The next number in the series is: 


4, 10, 28, 82, |_| ? 


is independent of those tasks involving the proportionality schema 


more directly, for example Item 34 - GPT (A): 
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Determine the missing number. 


There was a considerable range of difficulty levels associated 


with the four item types included in the numerical series section of 
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the GPT forms. In general the completion of series items were found to 


be much easier than the proportionality types. 

Means and standard deviations for the nine main test instruments 
for each of the three achievement groups (high, middle, low) are 
presented in Table X. ‘Based on the 1 to 4 scoring system used for the 
Piagetian Tasks, the mean of 3.0 for the high group on PT indicates 
that most students in this group are capable of formal operational 
thought. The means for the middle and low achievement groups or those 
on PT indicate that the majority of students in these groups are 
eeeracing at a transitional or late concrete level of thinking, 
respectively. 

In a similar manner, means for the high, middle and low achieve- 


ment groups on both the CPT(T) and CAT scores serve to discriminate 


among the three groups. For example the mean for the high group on the 


CAT, expressed as a percentage, is 80 per cent compared to only 42.5 
per cent for the low achievement group. However, means for the three 


achievement groups for both forms of the General Proportionality Test 


do not reflect such an acute distinction. This lack of discriminating 
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Test Score Means and Standard Deviations for Nine Main Study 


Instruments for the Three Achievement Groups (High, Middle, Low) 


Test 


TABLE X 


N = 168 


_ High 
Mean 
(SsDed 


Middle 
Mean 
(Sane) 


RE A RN PSS eR PY LIS 


. General Proportionality Test 


GPT (A) 


. General Proportionality Test 


GPT (B) 


. Piagetian Tasks (PT) 


. Nomenclature and the Writing 


of Formulae CPT (1) 


. Chemical Reactions CPT (2) 


. The Mole CPT (3) 


. Gravimetric Stoichiometry 


CPT (4) 


. Chemistry Proportionality 


Test CPT(T) 


. Chemistry Achievement Test 


CAT 
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ability noted for the GPT forms between achievement Svoupssie le. hich. 
middle and low group means for GPT(A) were 26.5, 23.2 and Zoe 
respectively) may be related to the relatively easy nature of the 
instruments mentioned earlier (overall means for GPT(A) and GPT(B) 
were 70.3 and 65.0 per cent, respectively). It could also mean that 
students have mastered the operations tested in the contexts presented. 
However, the failure of the GPT forms to discriminate between achieve- 
ment groups is also reflected in the standard goviatinie eines LOuscS 
three groups. The greater variance associated with the middle 
achievement group for both GPT forms suggests a rather flattened 
distribution across the three groups. Although standard deviations 

aré fairly similar for other tests across achievement groups, they 

ete indicative of more "bell shaped" distributions. 

Table XI presents the results of the one-way analysis of variance 
for the high, middle and low achievement groups for eight test scores. 
Means on all eight test instruments are significantly different 
ipe= 0.001) for the three groups. 

Table XII presents the Sheffé probability matrices for the multiple 
comparison of the eight test means for the three achievement groups. 

As expected from the previous discussion regarding the low discrimin- 
atory power of the General Proportionality Test forms, GPT(A) and 
GPT(B), non-significant mean differences are reflected in the Sheffé 
probability matrices for these test forms. Both mean differences for 
the high and middle achievement groups for GPT(A) and GPT(B) are 
non-significant (p = 0.37 and 0.20, respectively). However, mean 


differences for the high and low achievement groups on the GPT forms 
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Sheffé Probability Matrices for Eight Test Variables for High, 


Middle, and Low Achievement Groups 


N = 168 
Test High 
Heeceneral Proportionality High 
S y - 
Test - GPT (A) Middle! 0.37 
Low <0.001 
2. Piagetian Tasks - High 
et) Middle, 0.10 
Low <0.001 
3. Nomenclature and Formulae High 


Writing - GPT (13 Middle <0.001 


Low <0.,001 


a 


4, Chemical Reactions - High 
GPT (2) Middle| <0.001 
Poken doeoos 

5. The Mole - High 
CPT (3S) Middle) <0.001 
Tow | 40.001 

6. Gravimetric Stoichiometry - High 
CPT (4) Middle <0.001 
<0.001 

7. Chemistry Proportionality 


. General Proportionality 


meste- CPT (T) <0. 001 


<0.001 


0.20 
<0.001 


Pest) -oGPT(B) 


Probability Matrix 


Middle Low 


<0.001 


<0.001 
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are Significant (p < .001). A non-significant difference was noted 
between the middle and high achievement group on the set of Piagetian 
Tasks (PT). This finding might well be expected in view of the diffi- 
culty in attempting to distinguish between those students operating at 
a transitional level of thought (i.e. predominately middle achievers) 
and those at the early or late formal level (i.e. high achievers). 

On the basis of results presented, hypothesis 1.1 is rejected. 
There appears to be a significant relationship between students' ability 
to apply proportional reasoning in chemistry, as measured by the CPT, 
and student achievement in chemistry, as measured by the CAT. 


Hypothests 1.2 - Proportional Reasontng in General and 
Chemistry Achtevement 


Hypothesis 1.2 states that there is no significant relationship 
between students' abilities to apply general proportional reasoning as 
measured by the GPT, and achievement in chemistry as measured by the 
CAT. The Pearson product-moment correlation coefficients between the 
General Proporticnality Test, GPT(A), and the achievement measure, CAT, 
and the General Proportionality Test, GPT(B) and chemistry achievement, 
CAT, are presented in Table V. Of the two forms, GPT(A) had the higher 
correlation with the CAT achievement scores (r = 0.46). Both corre- 
lation coefficients are ee at the, 0,01 devel. 

As discussed in an earlier section, no significant differences were 
noted between the means of the pretest and posttest forms (GPT(A) and 
GPT(B) respectively) for the main study sample. However, the significant 


Pee elation (7 = 0.52, p < .01) found to exist between GPT(A) and GPT (B) 


Was remarkably low in view of the previously established statistical 


equivalence of these two instruments. That is, one might have predicted 
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more than 25 per cent of common variance shared between GPT (A) and GPT(B). 
The investigator is unable to offer a suitable explanation for this 
apparent irregularity at this time. It should be noted, however, that 
of the two forms, the pretest form, GPT(A), correlates more highly with 
echieyement in chemistry (CAT) (r = (0.46, p < .01) than the posttest 
form, GPT(B). It may well be that, rather than having a positive effect 
on general proportional reasoning ability, the extended exposure to 
proportional reasoning in chemistry reduces student performance on a 
test of general proportionality. That is, instead of enhancing the 
relationship between proportional reasoning in chemistry and general 
Proportional reasoning, the effect is to further dichotomize the two, 
possibly because the relatively unfamiliar context of chemistry serves 
to confuse the issue for the student. While this is only conjecture at 
this point, relationships which may underlie reasoning abilities in 
various contexts present an area for further research. 

ire acdition to a total score for édch GPT form, separate Scores 
were obtained for each of the four types of items on the test: 'General 
Proportions! - "Verbal Reasoning', - 'Verbal Analogy' and ‘Numerical 
Series', Mean differences for these sections for the two GPT forms were 
noted to be non-significant. That is, 't' values calculated on the 
intercorrelational matrix for respective sections on each form to test 
the hypothesis that r = 0, all proved to be significant (p < .001). 


Table XIII presents the means and standard deviations for the pretese 


and posttest GPT scores. 


Despite their somewhat low intercorrelations the GPT forms are 


considered to be both logically and statistically equivalent as 
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TABLE GeX Ls 
Means and Standard Deviations for 
Pretesitand Posttest,Measures.,):; GPT(A). and. GPT (B) 


N = 168. 


Pretest GrPi(A) Posttest, GPIB). 4 
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determined by the results of preliminary investigations (referred to in 
Chapter III). Hence the consistency of the pretest and posttest findings 
reported in Table XIII are particularly noteworthy. Students' exposure 
to prolonged instruction in chemistry, which draws heavily on all levels 
of the proportionality schema, appears to have little or no effect on 
students' ability to apply the schema in a more general or common sense. 
On the basis of the significant correlational relationship found 
to exist between GPT(A), GPT(B) and performance on the CAT (r = 0.46 
and 0.41, respectively), hypothesis 1.2 is rejected. While chemistry 
instruction does not appear to enhance proportional reasoning in a 
non-chemistry context, there appears to be a significant relationship 
between students' ability to apply general proportional reasoning and 
achievement in chemistry. 
The following section deals with the hypothesized relationship 


between proportional reasoning, CPT and GPT, and cognitive level (PT). 


ii) Proportional Reasoning and Cognttive Level 


Hypothesis 2.1 - Proportional Reasoning tn Chemistry 
and Cognitive Level 


Hypothesis 2.1 states that there is no significant relationship 
between student scores on tests involving proportional reasoning in 
chemistry (CPT) and cognitive functioning level as measured by Piagetian 
Criteria indicative of proportional reasoning (PT). Correlation 
coefficients for each of the CPT subtests, CPT(1), CPT (2, 24CP Raa 


CPT(4) and the total’ Chemistry Proportionality Test score, CPT (T) with 


the Piagetian Tasks (PT) are included in Table V. All coefficients 


are Significant at the 0.01 level. 
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It was noted earlier that CPT(T) correlated highly with the CAT 
achievement scores (r = 0.79, p < 0.001). This relationship was further 
supported by high loadings on a general factor associated with overall 
achievement in chemistry and the proportionality subtests. Based on 
these findings, CPT(T) itself can be considered a measure of achieve- 
ment in chemistry. On the basis of the significant relationship 
between CPT(T) and the CAT scores, the main study sample was divided 
into three equal achievement groups of 56 students each based on the 
CPT(T) scores and categorized according to cognitive level. The 
Besuits Of this analysis are presented in Table XIV. A highly signi- 
ficant chi square was noted for the relationship between cognitive level 
and the total Chemistry Proportionality Scores, CPT(T) (x? = 9592, 
df = 6, p < 0.001) with only 7 students (12.5%) in the low group 
classified as formal thinkers compared to a total of 41 students (73.2%) 
in the high group. These results are consistent with the sample 
distribution according to cognitive level based on the CAT achievement 
Scores presented in Table XV Ce =e ear 64 Di <0, 001). 

On the basis of the significant relationship between the Chemistry 
Proportionality Test (CPT) and performance on the PT, hypothesis 2.1 
is rejected. There appears to be a significant relationship between 
proportional reasoning in chemistry and cognitive level. 


Hypothesis 2.2 - Proportional Reasoning tn General 
and Cognitive Level 


Hypothesis 2.2 states that there is no significant relationship 
between student scores on tests involving general proportional 


reasoning (GPT) and cognitive functioning level as measured by the 
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TABLE XIV 
Distribution of Sample by Cognitive 
Level and Total Chemistry Proportionality 
Scores [CPT(T)]. 


N = 168 
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TABLE XV 


Distribution of Sample by Cognitive Level 


Cognitive Level 


Concrete (C) 


Transitional (T) 


Early Formal (F1) 


Late Formal (F2) 


TOTAL 
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Piagetian tasks (PT). Correlation coefficients between GPT(A) and PT 
SpenGPa(B)r;and PT are presented in. Table V.. .Both/ coefficients are 
Significant at the 0.01 level. Of the two forms of the GPT, GPT(A) 
administered as a pretest measure of general proportional reasoning, 
had the higher correlation with PT (r = 0.48). This is similar to the 
finding, discussed in the previous section, which indicated that the 
GPT(A) pretest also had the higher correlation with achievement in 
chemistry (r = 0.46, p < 0.01) than did the GPT(B) posttest. One 
explanation offered for the higher correlation with the pretest measure 
had to do with a possible adverse interaction between proportional 
reasoning in chemistry (CPT) and general proportional reasoning (GPT). 
As mentioned earlier this adverse interaction may be a result of the 
unfamiliarity with the chemistry context which tends to cloud the 
Students' thinking. In any case the decrease in the general propor- 
tionality measure scores as a posttest, GPT(B), would also account 
for the correspondingly lower correlation noted between GPT(B) and PT. 
Of the four sections in GPT(A), the first dealing with general 
proportions correlated most highly (r = 0.48) with overall performance 
on the Piagetian tasks (PT) while the section on 'verbal reasoning' 
correlated least highly (r = 0.22). Within the tasks themselves, the 
Metric Puzzle (MP) correlated most highly with overall performance on 
the GPT(A) (r = 0.47) while the Islands Puzzle (IP) was noted to have 
the lowest correlation with general proportional reasoning (r = 0.31). 
The IP also yielded the lowest phi correlation coefficient among the 


four tasks. This is understandable in that MP involves the propor- 


tionality schema directly while IP 4s associated more with combinatorial 
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properties of formal thought. IP was included in the set of Piagetian 
Tasks in order to give a more general measure of formal operational 
thought. 

On the basis of the significant relationship found between GPT and 
PT, hypothesis 2.2 is rejected. There appears to be a significant 
relationship between general proportional reasoning and cognitive 
functioning level. 

The following section deals with the relationship Betueen propor- 
tional reasoning in a chemical context (CPT) and proportional reasoning 


in a non-chemical context (GPT). 


111) Proportional Reasontng in Chemistry and Non-Chemistry Contexts 

Hypothesis 3.1 - 

femornesis 5,] states that there is no significant relationship 
between students' ability to apply proportional reasoning in chemistry 
(CPT) and application of proportionality in areas not content-specific 
Eeecnemistry (GPT). Table XIII presents the results of 't' tests 
performed on the overall means for the pretest, GPT(A), and posttest, 
GPT(B), measures of general proportional reasoning. No significant 
difference was noted between the two forms, That is, it appears that 
Students' exposure to chemistry instruction involving proportional 
reasoning has little or no effect on their ability to apply more 


general proportional reasoning. 


The main. study sample (N = 168) was divided into three equal groups 


of 56 students each based on performance on the GRI(A). Table 


presents this sample categorized by cognitive level. A highly signifi- 


ek ps. ; 
Cant chi square (x? = 59.5, df = 6, p < .001) was noted, with only 
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TABLE XVI 
Distribution of Sample by Cognitive 
Level Based on General Proportionality 
Test Scores, GPT(A) 


N = 168 


itive Level Middle Total 
55 
$9 
ay 


oui 


168 


vie 


vgs Tit a Ri PY vast bas 68 “ 


ry x apt 


cragu 4d. White <2o. ae rr ie aiyS. 


HP 


° 


ei 
; rouge’ te : 


SO [ 


118 


eleven formal operational students (6.5 per cent) in the low group 
compared to forty-three formal students (24.4%) in the high group. 

While those students deemed formal in their thinking performed 
significantly better on both the CPT subtests and the pretest and 
posttest forms of the GPT, non-significant gains were noted for concrete 
thinkers on these measures. This is in agreement with the work of 
Herron (1975) who found a substantial correlation (r = 0.70) between 
performance on a battery of Piagetian tasks and scores on a chemistry 
placement test at the freshman college level. On the basis of results 
peesented., hypothesis 3.1 is rejected. While instruction in proportional 
reasoning in chemistry CPT does not appear to enhance general propor- 
tional reasoning GPT there appears to be a significant relationship 
between students! ability to apply proportional reasoning in a chemical 
context and ability to apply proportionality in areas not content- 
Specific to introductory chemistry. 

The following section deals with two major questions related to 
the present investigation. This section is followed by a general 


discussion of the overall findings of the study. 


Related Questions 


Question 1. Proportionality Hterarchy 


This first question attempts to determine whether those tasks used 


in the present study to measure proportional reasoning represent a 


hierarchy of Capabiiytics: 2hAs used in the present study hierarchy refers 


only to the postulated sequence of proportionality components (are: 


conversion - ratio - direct proportionality - indirect proportionality) 


identified in the study. The derivation of a learning hierarchy or a 
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Gagné task analysis in the pure sense is not applicable to the present 
investigation. In order to validate a given learning hierarchy, based 
on Gagné's model, data on each individual rather than group data would 
have to be obtained. ‘The present preliminary hierarchical analysis 
considers only the item difficulties based on the main sample (N = 168) 
performance on item clusters associated with respective types of 
proportionality. While-ait is noted that an item difficulty approach is 
insufficient for establishing a learning hierarchy it does represent an 
underlying prerequisite condition for a hierarchy. 

The postulated sequence of capabilities was investigated from both 
the chemical context (CPT) and the non-chemical context (GPT). Average 
item difficulties associated with each of the five sections of the GPT 
forms are presented in Table XVII. 

These results do not reflect any overall hierarchical pattern with 
respect to item cluster difficulties associated with the proportionality 
items. As expected, the combined direct and inverse proportionality 
items proved the most difficult, while conversion-type items proved the 
least difficult. However, findings remain inconclusive with respect to 
relationships which may exist between other proportionality-type 
questions. 

Examination of average difficulties of parallel proportionality-type 
questions on the Chemistry Proportionality Subtests (CPT) revealed a 
more definite pattern. Table XVIII presents the average difficulty 


indices for the three types of proportionality questions, conversion, 


ratio, and direct proportionality, incorporated into the four CPT sub- 


tests. It should be noted that this analysis does not include inverse 


proportionality items as those topics which directly involve inverse 


17h Sstoyid luetort son 2cob zkdviens ata? AN 


j ~ 
i Nien 


‘reser es oF do sf Aagh roy eee Oty er! ce. 
ey en ea et Berea J savin NM tats a oy ee 
q : aio 


: i é te Bie 
byiuow bab (Vet eee): UTR) aR tay toils st ag 


ig aa aa ae “e iP YA; Le ( “> b}! i) Bo Fitter: by 3. aift * oh 4 
¢ 


~ iv r 
hs whe : te : a 
ie ’ } ; Phe Oth a eee ly Ti) by > Uh Ms + vig ¥ INS 4 aa th fort , < XM 
| , ey 
(toaduega teh bb) socke- pare See “a 
+ ( 


“an 
Toc [ SPT The ere yt te): ‘baton eh I of et = 
ie es 

Sob Pe) opie tall ae Trek a jrid Renee 4 


) ty rab yf “Try i yt, ramos ot keiapy 4 om 
\ wil ee 
' , A? eet & 
ot teevne RN ee ‘4/52 Pu Oop: Dea 
DA ie 
u 
Woy si soimenoeeee O89 Peacahce Pho FD @ 
| ma ony 
" 8 is Ay Ew bias Laogen 20 tu: 
‘ae 
rive pat ni ba naves: 1 


x 


bi Relay t by 
1 Cus rye 4 f PPPS TL ates (tS Tas hTe® FOr ah at es r ‘ 
; ‘ee 
Et steve Pyrat he, daily Ustad ines a ee het aD re deuks 
} 4 


eiteretstroqer easel. as Tabeeh Sieh hURioey “it , hades 
¥ Jorg It ry i ry A lex ad ‘ | ait) Hhye enti faom gid) : J 
S my a 
67 Qourted2 AItu ovienlonanprt nrnih sytney crovewell FMT, 


omy 3 mek ie TOL ‘SO i spionl) fe tee co soe 39 


Hy a aid 

Sed VI Pile suo) fol iarad to tops lus Eh Syste 2 

b hatmaves (T9D)) ataordic ¢ ee ee clbmaa y 
MILI thy vgorsvs ati. eorigdanty cutilk wta * 

sUGReteuion yarohtesip v4 00 soe ee 


mente TH). ary sis oiht betewrioent Pea 


PemvaA: ovlowrl yitootth decd eaiqon. 8 


A . y re, -_ 


7 


PAN, 


TABLE. XVII 
Average Difficulty Indices for 
General Proportionality Test Sections 


GPT(A) and GPT(B) 


Test ; Pretest : Posttest 
GPT (A) GPR GE 


2. Ratio (2) 


$3. Direct (4) 
“Proportionality 


Inverse (3) 
Proportionality 


> Combined (1) 
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Pevationships in chemistry (e.g. solution chemistry) are not part of the 
Chemistry 10 program. The classification of particular CPT subtest items 
corresponding to proportionality items is included with the test statis- 
Eves t0r each subtest in Appendix F. 

Of the 59 items on the CPT(T) indicated in Table XVIII, 12 were 
considered to be conversion-type, 28 ratio-type and 19 of the direct 
proportionality-type. Understandably, particular subtests tended to be 
more closely associated with certain proportionality-type items. For 
example, the majority of conversion-type items (75%) are included in 
the CPT(3) dealing with mass to mole and mole to mass transformations. 
Ratio items dealt mainly with nomenclature, CPT(1), and ratio applica- 
tions to chemical reactions, CPT(2). The majority of direct proportion- 
ality items are found in the area of gravimetric stoichiometry, CPT(4), 
and to a lesser extent, calculations concerning the mole, CPT(3). 

Differences in difficulty levels associated with the three propor- 
tionality types are consistent with the hypothesized ‘conversion - ratio 
- direct proportionality! hierarchy. Although these findings are 
suggestive of an underlying difficulty hierarchical framework, at least 
with respect to the proportionality items in chemistry, any conclusions 


based on this limited investigation must remain tenuous. 


Questton 2. Sex Factor 


The second related question states: "Is there a significant 


a . Pd 
relationship between sex and cognitive level for the study sample? 


Table XIX presents the sample distribution by sex and cognitive levels. 


A significant relationship was noted between sample sex and cognitive 


Bea = 17.3, df = 3, p< .001). Only 19 male students (11.4%) were 
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TABLE XIX 
Distribution of Sample by Sex and 


Cognitive Level 


N = 168 


Sex Concrete Transitional Early Formal Late Formal 

(C) (T) | (F1) (F2) 
Male 19 21 21 29 90 
Female 36 18 16 8 78 
TOTAL 55 39 37 Se 168 
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considered concrete in their thinking compared to 36 (21.4%) for the 
female students. Further, 17.2 per cent of the male sample were 
categorized as late formal (F2) compared to only 4.7 per cent for the 
female group. 

Other studies which have reported a significant relationship 
between cognitive level and sex have included those of Herron (1975);, 
Hobbs (1972) and Field and Cropley (1968). Herron in his investigation 
with freshmen college students noted that a larger proportion of boys 
exhibit formal thought than do girls, and Field and Cropley (1968) 
working with 218 students (mean age of 16 years, 10 months) also found 
a Significant sex factor according to cognitive level, based on 
Piagetian clinical tasks. Hobbs (1972) studying 906 students in 
grades 7 to 12 found boys performed better than girls on tests of 


volume conservation and on the law of displacement. 


Discussion 

A general discussion of the findings of the present study is now 
undertaken. Following this, a section on problem solving in chemistry 
directed towards the practicing classroom chemistry teacher is 
presented. The chapter concludes with a summary of the results. 

A major finding of the present investigation has to do with the 
confirmation of the formal nature of the proportionality schema itself. 
Data on the cognitive categorization of the sample are in general 
agreement with other studies (Lawson and Renner, 1974; Lawson, 1975.5 
Higgens-Trenk and Gaite, 1971; Dale, 1970; Field and Cropley, 1968) 
Which indicate that as many as 50 per cent of senior high school 


Students are non-formal in their thinking. While few have challenged 
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Piaget's contention that proportionality must await formal operational 
thought, the majority of research in this area (e.g. Lovell, 1961) has 
involved either replicative work using the "classical" experiments 
(Inhelder and Piaget, p. 107-224, 1958) or modifications of Piagetian 
tasks based on physical phenomena (e.g. Hobbs, 1975; Bredderman, 1973). 
The present study related such schema directly to the science 
curriculum by investigating their manifestation in selected areas in 
introductory high school chemistry. Significant relationships noted 
suggest that chemical proportionality, like metric proportionality, is 
an intrinsically higher level of ordering experience, involving the 
matching of relations. Findings revealed that a sizeable proportion 
(over 20 per cent) of students studied chose an additive reasoning 
mode in solving selected proportionality tasks. This needs to be 
interpreted in view of the formal nature of the proportionality schema 
@eself, (That is, it may be that an additive strategy reflects the 
only reasonable means, relatively free of abstraction, whereby the 
non-formal thinker can achieve a degree of success on proportional 
reasoning tasks on a fairly reliable basis. In instances where 
additive modes prove inadequate, it would appear that wisuecess! must 


await the development of formal thought. 


Findings also suggest that various aspects of proportional 
reasoning are not available equally to the respondent in all situations. 


As Lunzer (1965) has pointed out, both the content and nature of the 


; 5 i in instances where 
problem, as well as its structure, are important in 
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formal thought is required. 

Although not investigated in the present study, tasks involving the 
application of inverse proportionality (e.g. in volumetric stoichiometry) 
may well place more serious demands on students than do simple conver- 
sions or ratio problems (Lunzer and Pumfrey, 1966). Further, the 
identification of a secondary factor associated with the proportionality 
schema in a Piagetian task sense, as opposed to more normal paper and 
pencil achievement measures involving proportions (CPT), appears to 
reinforce the importance of the relationship between the schema and 
mie nature of the problem presented. 

The apparent low transferability encountered between general 
proportional reasoning ability and proportional reasoning in a chemistry 
context was not altogether unexpected. The ability of some students to 
hastily compute a rather complex proportionality problem in a common 
context seems to bear little relationship to other tasks, seemingly 
involving similar demands in proportional reasoning, that may be 
encountered in the context of chemistry. It is as if the unfamiliar 
chemical context functions as an interfering agent, often preventing 
the student from reasoning in a more normal, logical manner. 

We turn now to a consideration of a number of observations 
associated with proportional reasoning in relation to problem solving 
in chemistry as this pertains more directly to the classroom teaching 


Situation. 


Problem Solving in Chemistry 


Topics explored in this concluding section include mole relation- 


Ships, student interpretations of chemical equations, and the use of 
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dimensional-analysis in gravimetric stoichiometry. For illustrative 
purposes selected items drawn from the multiple-choice and open-ended 
sections of the CPT subtests are cited in relation to each area. The 
quoted figures appearing below each question refer to response 
patterns (in proportions) of an ALCHEM sample (left, N = 185) and a 
CHEM Study sample (right, N = 62). The correct response is denoted 
by an asterisk and percentages of students not attempting items are 


not included, 


Mole relattonshtps. In their preliminary study on the under- 
standing of mole relationships in chemical calculations, Duncan and 
Johnstone (1973) reported significant differences between student 
performance on questions which involved straightforward 1:1 relation- 
ships and those which exhibited non-1:] mole relationships. Analysis 
Of items involving similar relationships in the present investigation 
revealed no significant difference between student achievement on 
these two types of questions. That is, both 1:1 relationships and 
non-1:1 relationships presented little difficulty to the students. 
Examples of 1:1 mole relationship items included the following: 

CPT (3) Item 4 


Given ehat:: 
Mg + S > MgS 


What mass in grams of Mg would react completely with 32 g 


(1 mole) of S? 


Answers ALCHEM Chem Study 
A 12 03 00 
*B 24 67 71 
32 22 26 
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CPT(3) Item 12 
Given that: 
St 05> SOs 


_ What mass in grams of O2 is required to react with 1/2 mole of S? 


Answers ALCHEM Chem Study 
an 16 .80 ~85 
21m .02 03 
De rake . 10 
48 03 02 


Items involving non-unity mole relationships were equally well done. 
For example: 
cre 


Cri(3) Item 3 


Given that: 
Z2KOH + HeSO, > KoSOn + 2H20 


How many moles of H2SO, are required to react with 1 mole of KOH? 


Answers ALCHEM Chem Study 
*A 12 65 63 
ih a alel 7 Le 
eZ we 
4 402 . 00 


CPT.(3) Item 16 


Given that: 
No + Ho > NH3 


Calculate how many moles of Ha would react completely with 1 mole 


Of No. 
| Answers ALCHEM Chem Study 
. i . 10 Eo 
j B 2 ect .08 
aC 3 Bie 61 
ap 4 .02 .08 
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Duncan and Johnstone (1973) further reported that equation balancing 


constituted a 'real' problem for introductory chemistry students with 


Only just over 50 per cent of their sample (N = 273) able to balance an 


equation of the form, 2Al + 302 * Al203. Contrary to Duncan and 


Johnstone's finding, balancing of chemical equations in the present 


study was not identified as a problem area. Items measuring students! 


ability to correctly balance equations had high difficulty indices 


indicating that the majority of students were successful on these items. 


and 


For example: 


CPT(2) Item 6 


_NaOH + Al1(NO3)3 > A1(OH)3 + NaNOs 
Balance the above equation using simplest whole numbers. The 
coefficient (number in front) for A1(NO3)3 would be: 


Answer ALCHEM 


*A Z .88 
B 2 ~02 
3 Le 
4 .00 


Orr (2yatem 2 


@icurdéracid + aluminum hydroxide > water + aluminum sulfate 


a. HoS + Al(OH)2 * HOH + A1SOs 

b. HSO, + A1OH > HOH + A1SOs 

c. 3HoSO, + 2A1H3 > 6H2 + Al2(SOs)3 

d. 3HoSO, + 2A1(OH)3 > 6HOH + Al2(SOu)3 


Answer ALCHEM 
a . 04 
5 . 08 
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It should be noted here that as CPT(2), 'Chemical Reactions', was 
not felt to be relevant to the CHEM Study Sample, no representative items 
are available to assess the degree of difficulty of balancing equations 
for this sample of Students. However, for the ALCHEM sample, equation 
balancing appeared to pose little difficulty. The average ditficul ty 
index for the 5-item cluster involving the balancing equations on 
CPT(2) for the ALCHEM sample was 0.76. While balancing problems, taken 
in isolation, appear to present little difficulty for the students, in 
more complex stoichiometry questions, where a balanced equation repre- 
sents a fundamental step, failure to correctly balance the equation 


May prove a major source of error. 


Interpretations of chemtcal equations. Analysis of the open-response 
question in the CPT subtests revealed considerable misunderstanding 
surrounding the chemical interpretation of an equation, in spite of the 
apparent lack of difficulty over the balancing of equations noted above. 

For example, in assessing students' perception of a balanced 
chemical reaction the following question was asked: 

CPT (2) Question 2 


One student maintains that the correct chemical interpretation 
of the reaction below is that one atom of A reacts with 4 atoms 
of B to form one molecule of ABy. 


His friend claims that a more accurate statement would be, one 
mole of A reacts with 4 moles of B to form one mole of ABy. Are 
either (or both) of these interpretations correct? Discuss 


your answer. 


(equation) . A 4 AD ear ABy 
Student 1 one atom + 4 atoms * one molecule 
Student 2 one mole + 4 moles * one mole 


Only 35 per cent of the main study ALCHEM sample (N= tod) tele 
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that both interpretations presented were valid. Typical explanations 
included: 


"Both are correct, since a mole is Simply the number of 
molecules of each substance times ''6.02 x 10273.'t But 
student 2 is probably more correct, since such reactions 
will probably take place with such high numbers."! 


Thirty-nine students (23.2%) felt that the 'micro' or atomic 
chemical interpretation presented by student 1 was the most accurate: 


"Student 1 is right because there is only 1 molecule in 
that part of the formula, there isn't one mole." 


"Student one is correct because you are dealing with 
molecules and atoms, not with moles." 


Forty-five students (26.8%) chose the 'macro' or molar interpreta- 


tion presented by student 2: 


"Yes, student 2 is the most correct one because the 
molesvare, more accurate." 


"The Student 2's argument would be correct because the. 
Eset i1cicits represent moles, or rather 4°x 0,02 x 10" 
Booms of 8G 1 x 6.02 x 10°° atoms. of A." 


Surprisingly, ten students (6%) questioned the authenticity of both 


interpretations because of their lack of understanding of how the product 


in each case (either molecules or moles) could be unity. For example: 


"Neither are correct because 1 atom + 4 atoms equals 


5 atoms, and one mole + 4 moles = 5 moles not 1." 


"Neither answer is right because in the first one you 
don't use atoms and in the second one you would get 5 
Moles,’ 


Notwithstanding this, it is evident that a considerable proportion 


of students failed to realize the 1:1 correspondence between atoms and 


molecules and moles of atoms and molecules. For these students, it 


appears as though the mole is a conveniently contrived concept which 


bears little or no relationship to the reality of the chemical reaction 
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itself. This inability to perceive the basic 1:1 proportionality under- 
lying much of chemistry may account for a large portion of the difficulty 
encountered by students in their efforts to apply the mole concept in 
problem situations. This problem may be related to the earlier section 
on the balancing of equations. While students have little difficulty 
arriving at the correct coefficients for a balanced equation, only 

about one-third seem to-have an adequate understanding of its signifi- 
cance. Many students seem baffled by equations in which a given number 
of moles of reactants yields fewer (or greater in some cases) moles of 
products. This apparent discrepancy in the minds of some students may 
be symptomatic of far deeper misunderstandings associated with conserva- 
tion concepts in elementary chemistry. Hall (1973), for example, in an 
investigation carried out with 11 to 12 year old children, using 
techniques analogous to those of Piaget, found that even after the 
completion of an introductory course in chemistry over a nine month 
period, conservation (i.e. conservation of chemical identity, composi- 
tion and mass) had not been attained by a considerable proportion of 
Subjects (e.g. 43 per cent failed to conserve composition). Students! 
conceptions of chemical reactions may well presuppose the prior 
existence of basic schemata like those studied by Hall. In the light 
of present findings, areas involving the application of equations in 


introductory chemistry might be re-examined. The development and review 


of certain necessary prerequisite schemata may prove to be an effective 
approach in introductory chemistry. 


Dimenstonal-analysis. Another important area related to the 


present investigation has to do with the use and effectiveness of the 
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so-called unit or dimensional-analysis technique. Dimensional-analysis 
refers to the commonly used strategy whereby unit factors or dimensions 
are utilized in converting a measure in one unit to an equivalent measure 
expressed in another unit. For example the calculation of the number 
of seconds in one year could proceed through dimensional-analysis as 
follows: 

l year x 365 days/year.x 24 hours/day x 60 minutes/hour x 60 seconds/ 
minute = 31,536,000 seconds. 

Each step in the process makes use of the units (i.e. dimensions) as 
"checks' to ensure that the conversion is performed correctly. One 
problem however in the use of dimensional-analysis, as noted by Herron 
(1976), is that it normally involves several steps without closure at 
the end of each logical step. To illustrate using the above example, 
the only effective closure occurs at the end of the four steps in the 
problem. According to Herron there is some evidence (Collis, 197.1) Vt 
indicate that the non-formal student is unable to handie this lack of 
closure. The decision to include dimensional-analysis in the present 
discussion was made largely on the basis of this contention and other 
factors concerning its relative effectiveness in solving problems in 
Chemistry. That is, does dimensional-analysis prove more effective 
than, say, a traditional proportionality approach to stoichiometry? 


At what stage should dimensional-analysis be used? 
Dimensional-analysis represents a central methodology underlying 


the major approach to problem solving in the ALCHEM Chemistry 10 


is i nasi instructional 
materials, Dimensional-analysis is not emphasized as an instr 


Strategy in the CHEM Study program. For example, in ALCHEM stoichiometry 
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calculations, four main steps are advocated: 


peer J: Write the balanced chemical equation: 
Zh + B+ 2C 
EleP -EL-: Convert mass of substance A (starting substance) to moles. 
Hel ce ae 2) _rmassopt A _ __ grams 


molar mass of A grams/mole 


STEP III: Use the coefficients in the balanced equation to determine 
the number of moles of B (desired substance) needed to 
combine with the moles of A (starting substance) calculated 
in Step 11, 


moles of B (desired substance) 1 


moles of A (Starting substance) 2 
Or, in this case, 
moles of B (desired substance) = 1/2 x moles of A (starting 
substance) 


STEP IVs Convert moles of B to mass of B. 
mass of B= moles of B x molar mass of B 


= moles x grams/mole 
The four general steps are summarized in the following STOICHIOMETRY 


FLOW CHART: 


STEP 1: Write the balanced chemical equation 


GIVEN REQUIRED 


mass of B 
(desired 
substance) 


{Mass of A 
(starting 
substance) 


STEP >. or oe STEP 4: mass of B = moles x molar mass 
; molar mass 
STEP 3: mole 
ratio obtained 
from 
moles of 


moles Of) “BaLANCED chemical 
A equation B 


In the present study certain questions found in the open-ended 


Sections of CPT(3) and CPT(4) were analyzed for the two samples (ALCHEM, 


N = 168 and CHEM Study, N = 141) separately, in an attempt to ascertain 
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to what extent dimensional-analysis was applied and its relative effec- 
tiveness. Question 2 on CPT(4) illustrates a stoichiometric problem 
studied: 

Question 2 


Determine the number of grams of carbon produced from the 
bomprete decomposition of 176 ¢ of carbon dioxide, 


Seventy-two per cent (72.0%) of the ALCHEM sample were considered 
successful on the problem compared to forty-eight per cent (48%) of the 
CHEM Study sample. 

The majority of students in the ALCHEM sample (over 90 per cent) 
tended to apply a dimensional analysis approach to problems by following 
the stoichiometry flow chart. For example: 

Sample ALCHEM solution: 
DietcOo 10 + 10s 


2 omy = 4,0 moles of CO2 
my fy irx 4 /0*motes-= 4/0 moles” ofrG 
4) 4.0 moles x 12 gmol = 48.0 grams of carbon 
About 60 per cent of the successful CHEM Study Students either set 


up a proportionality expression based on the mole Yatio, e.g. - 


. 12 X = 48 gms [sic] 


or directly applied the mole definition, ¢.g.: 


CO2 176 gms 


Steer eee les 
eens av gms/mole sa 
Cee) = LZ 
02=16x2 = 32 
44 
4 moles = ie = 48 gms of carbon produced. 


12 gms/mole 
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Only 10 per cent of the CHEM Study sample included a balanced 
equation for the reaction in their responses. 

As sugsosted by Herron (1975), there appears to be a relationship 
between th: -ectiveness of dimensional-analysis and cognitive level. 
For example, on the problem described above well over half (64%) of the 
55 students in the main study sample (N = 168) classified as concrete 
thinkers responded correctly. It may be that dimensional-analysis 
‘represents a less demanding approach to chemical problem solving than 
Other strategies which require the application of proportional reason- 
ing. That is, the algorithm advocated in dimensional-analysis 
mecessitates that students specify all the parameters of the stated 
problem, including the relevant balanced equations. This may tend to 
Minimize the number of careless and unnecessary errors; in this sense 
dimensional-analysis operates as a bookkeeping device. The process 
may, of course, increase the possibility of error as the number of 
intermediate steps increases. Whether the process of actually perform- 
ing the step-by-step procedure itself assists in the conceptualization 
of the problem as opposed to the efficacy of the concept of 
dimensional-analysis per sé remains contentious at this time. In any, 
Case it is unlikely that dimensional-analysis has any negative ettece 
on students' perception of relationships inherent in many problems in 
introductory chemistry. In spite of the limited basis for these 
preliminary findings, dimensional-analysis is endorsed as a possible 


means of alleviating or at least reducing some difficulties in propor- 


tional reasoning encountered by students who are not yet formal 


Operational in their thinking. 
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The following brief concluding section presents a summary of the 


major findings of the present investigation. 


Summary of Results 

General findings associated with the major hypotheses in the 
Present Study identified significant relationships between proportional 
reasoning in chemistry (CPT) and (i) chemistry achievement (CAT), 
(11) Cognitive level (PT), and (iii) proportional reasoning in a 
non-chemistry context (GPT). Instruction in proportional reasoning in 
chemistry did not appear to enhance general proportional reasoning 
ability. Regression analysis to predict chemistry achievement (CAT) 
found only the chemistry proportionality subtests significant predictor 
Variables. A principal-factor solution identified three main factors. 
The chemistry proportionality subtests and the chemistry achievement 
eriterion (CAT) loaded heavily on the first factor, while the second 
factor was associated with the four Piagetian tasks used in the study 
and served to distinguish the proportionality tests from the set of 
Piagetian tasks. This secondary factor appeared to substantiate an 
earlier similar finding noted by Bart (1971). The third factor 
contained high loadings for the verbal reasoning and verbal analogy 
Sections on the pretest, GPT(A) and posttest, GPT(B), forms of the General 
Proportionality Test, and was interpreted as 2 further indication of 
the statistical equivalency of these instruments. 

Approximately 50 per cent (48.9%) of the total sample (N = 309) 
were found to. be capable of formal thought based on performance on 
four Piagetian tasks while about one-third (28.8%) were still 


considered to be limited to concrete operations. Results of analyzing 
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‘Tt Related findings failed tondetect avhierarchical istricturesassoci- 


directed toward the classroom chemistry teacher were offered. 
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Chapter Y 
SUMMARY, IMPLICATIONS AND RECOMMENDATIONS 


In this final chapter, a summary of the investigation is presented, 
followed by a discussion of the implications for classroom science teaching. 


Finally, a number of recommendations for further research are outlined. 


Summary 

The purpose of the present study was to ascertain the extent to which 
Students' perceptions of the proportionality schema are related to achieve- 
ment in introductory chemistry. A total of 309 Grade 10 students enrolled 
in four Edmonton senior high schools was tested under normal classroom 
conditions. The total sample consisted of i) a main study sample (N = 168) 
comprising students studying the Alberta Chemistry (ALCHEM) Chemistry 10 
materials and, ii) a second study sample (N = 141) consisting of students 
enrolled in the CHEM Study version of the Chemistry 10 program. 

Four main test instruments were administered during the 1976 spring 
semester. A set of four collectively administered Piagetian tasks (PT) 
served as a measure of students! cognitive functioning level. Two forms of 
a General Proportionality Test, GPT(A) and CPT(B), served to indicate 
Students! performance on general proportional reasoning. 


A Chemistry Proportionality Test (CPT) consisting of four subtestsein 


two sections dealt with the following topics: ‘nomenclature and the writing 


of formulae! Clit). chemi cal reactions,' CPT(2), the 'mole concept! 


CPT(3), and ‘epravimetric stoichiometry! CPT(4). 


The Chemistry Achievement Test, CAT, covering all sections of the 


Chemistry 10 program, was used as a measure of general achievement 1n 
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chemistry. The four Piagetian tasks (PT) used were: the Balance Problem 
(BP), the Ratio Task (RT), Metric Puzzle (MP) and the Islands Puzzle (EP) 5 
and these formed the basis for the categorization of the total sample 

(N = 309) into respective levels of concrete, transitional and formal 
thought. 

The Piagetian Tasks (PT) were administered prior to the commencement 
of instruction in chemistry, followed by the GPT(A) during regular classroom 
periods. Subtests of the Chemistry Proportionality Test (CPT) followed the 
conclusion of each appropriate unit throughout the semester period. At 
the conclusion of the semester, all main study students (N = 168) were 
administered the alternate form of the General Proportionality Test, GPT(B), 
followed by the CAT. Both the CPT subtest and CAT scores were used by the 
seven cooperating teachers in their regular evaluation of the chemistry 
course, 

Student responses to each Piagetian task were evaluated in view of 
criteria considered indicative of concrete and formal thought, based on 
The Growth of Logteal Thinking (for the Balance Problem ;BP]), and other 
research studies of Karplus et al. (1974) and Collea (1975) (the Ratio Task 
[RT], the Metric Puzzle [MP], and the Islands Puzzle [IP]). Three of the 
tasks, i.e., the Balance Problem, the Ratio Task and, the Metric: Puzzle, 
involved direct aspects of, the proportionality schema while the Islands 
Puzzle was viewed as a more general indicator of formal operational thought. 


In terms of cognitive functioning, the total study sample (N = 309) 


Q ra . . 
was classified as: concrete operational, 89 students (28.8%); transitional, 


69 students (22.3%); early formal, 84 students (27.2%), and late formal, 


67 students (2/2) .- In® gross) terms, 151 students (48.9%) were found to be 
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capable of using formal operations in their thinking with respect to the 
four tasks with 89 students (28.8%) still limited to concrete Operations. 
The remaining students (22.3%) were deemed to be at an intermediate or 
transitional level of thought. 

The main study sample (N = 168) was divided into three nearly equal 
achievement groups (high, middle and low) on the basis of performance on 
the CAT. One-way analysis of variance revealed that the three achievement 
groups were significantly different with respect to each of the following 
Meeweveriables: GPT(A), GPT(B), PT, CPT(1), CPT(2), CPT(3) and CPT(4). 

Significant correlations were found to exist between proportional 
Reasoning in chemistry (CPT) and (i) achievement in chemistry (CAT), 
(11) cognitive level (PT) and (iii) proportional reasoning in a non-chemistry 
Context (GPT). A stepwise regression analysis carried out for the prediction 
Of achievement in chemistry revealed that the chemistry proportionality 
subtests were the only significantly contributing predictor variables 
accounting for 63.4 per cent of the total variance of the chemistry 
achievement test (CAT) scores. 

Results of a principal-factor solution performed on the intercorrela- 
tion matrix of eighteen study variables identified three main factors. 
The proportionality subtests, CPT(1), CPT(2), CPT(3), CPT(4) and the 
achievement criterion, CAT, loaded heavily on the first factor. The 
existence of a secondary factor associated with all fourm@uaketiaiw tasks. 
BP, RT, MP and IP, was noted to be similar to a finding reported by Bart 
(1971) on the bifactor structure of formal thought. The third factor, 
Containing heavy loadings for the verbal reasoning and verbal analogy 


Sections of the two forms of the General Proportionality Test, GPT(A) and 
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GPT(B) was interpreted as a further indication of the statistical equivalency 
of these pretest and posttest instruments. 

Chi square tests of independence performed on the relationships 
between cognitive level, as measured by the PT, and chemistry achievement 
(CAT) categorized as high, medium, and low, proportional reasoning in 
chemistry (CPT), and general proportional reasoning (GPT) were significant 
(x? Mere >). 2459.5, respectively, df = 6, p <.001). A Significant 
relationship in favor of boys was also noted between sex and cognitive 
Hevel . 

Although there was little evidence found to support a postulated 
hierarchy associated with general proportional reasoning, results relating 
to proportional reasoning in chemistry generally supported the hypothesized 
Sequence of capabilities. A number of observations in relation to problem 
solving in chemistry as they pertain more directly to the classroom teaching 
Situation were also noted. Recommendations based on preliminary findings 
regarding mole relationships, interpretations of chemical equations and the 


use of dimensional-analysis were offered. 


Implications for Classroom Science Teaching 
The relationship between proportional reasoning in chemistry and 


cognitive level of development suggests a number of implications for the 


practising high school chemistry teacher. On the basis’ of general findings 


in the present investigation, it is suggested that an assessment of 


Students' cognitive functioning level be attempted before the commencement 


of instruction in chemistry. The type and format of the measures used to 


assess the cognitive level of subjects in this study (Balance Problem [BP], 


Ratio Task [RT], Metric Puzzle [MP] and the Islands Puzzle [IP]) are all 
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Sppropriate to the context of a science class and could be administered 
with relatively little difficulty before chemistry instruction commenced. 
For example, the set of tasks in booklet form could serve as a relevant 
introductory laboratory exercise in Chemistry 10. Tasks used have both 
direct curriculum application (e.g. the balance problem and the ratio task 
set in a chemical context) and current interest (e.g..the metric conversion 
puazie). As such they offer a relatively unobtrusive means to the assess- 
ment of cognitive development. Rowell and Hoffman (1975) have shown that 
it is possible to produce workable, reliable group forms of Piagetian tasks 
Which can be readily administered and assessed. Given adequate instruction 
em scoring techniques, classroom teachers could categorize students on 
Selected tasks for diagnostic purposes. The early broad assessment, for 
€xample, of each student's cognitive level could provide an opportunity to 
discuss with students the application and importance of the proportionality 
schema to selected areas in chemistry. Students! solutions to the tasks 
may also prove insightful to the science teacher in identifying preferred 
student problem solving approaches and strategies. Teachers would, of 
course, have to be made fully aware of the dangers of over-specification 

or of becoming overly rigid in their categorization of task performances 

in order to avoid any longlasting derogatory effects associated with the 


bbelling of students and the ensuing expectations of performance which may 


be generated. 


The approach used in assessing proportional reasoning 1n the present 


Study also seems to lend itself well to a review of other related areas in 


Science which involve proportionality (e.g. density, concentration, velocity). 


i i both 
Exercises and programmed materials involving proportional reasoning at 
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Concrete and formal levels could also be developed to allow the student to 
Pncver the review process at his or her level. Parallel examples drawn from 
general, everyday applications of proportionality similar to those found 

in the GPT items might also be used to provide greater insight into the 
nature of the relationship between proportional reasoning in selected 

areas of science and general proportional reasoning. Although there are 

a number of unanswered questions concerning this relationship in the 
present study, findings do suggest that it would be highly erroneous to 
assume terms like 'density,' 'concentration,' 'reaction rate' are clearly 
understood by senior high school students. 

Students operating at the concrete or transitional levels may benefit 
from a laboratory approach involving ‘concrete' situations in which they 
Can Manipulate certain variables to study proportionality aspects inherent 
in many chemical systems. The introduction, for example, of a number of 
Straightforward reactions using elements and compounds easily handled in 
the laboratory (e.g. the formation of copper II sulfide from its respective 
elements) could prove advantageous in introducing gravimetric stoichiometry 
pma™the concept of a ‘limiting reagent.' 

Stoichiometric examples (e.g. certain gaseous reactions) which are 
more removed from the students' experience might be better left until 
greater exposure to more realistic, concrete instances is‘ gained? ~Labora- 
tory exercises concerning the mole and its application to both qualitative 


and quantitative stoichiometry could be included in introductory chemistry 


€ 


in an effort to bridge the gap between theory and classroom practice. On 
questions, for example, in spite of the heavy emphasis given to the mole 


at this level, how many students have actually had the opportunity of 
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weighing out a number of common molar quantities or have performed labor- 
atory exercises involving Avogadro's number in an effort to gain some 
appreciation of the magnitude and significance of the NUMbehe BoeOdis LO: 
An awareness of the extent to which the proportionality schema pervades 
the curriculum could prove useful to the classroom teacher in devising 
instructional strategies to overcome or at least minimize difficulties in 
selected areas in chemistry. The varied ‘mass to-mass' and 'mass to mole! 
transformations associated with mole conversions might be more heavily 
emphasized by including supplementary problems not usually found in 
existing programs. Perhaps a larger number of non-1:1 stoichiometric 
felationships could also be presented than is the practice at present. 
Although non-1:1 molar relationships are undoubtedly mentioned in intro- 
ductory chemistry, typical illustrations and test questions tend to be 
associated with simple chemical reactions involving 1:1 or small whole 
number relationships. The finding that up to one-fourth of the sample in 
the present study used an additive reasoning approach in solving selected 
proportionality problems may be related to the complexity of the actual 
fatio inherent in the problem itself. The tendency of students in the 
present study to apply 1:1 molar relationships in inappropriate situations 
is understandable if examples of non-1:1 relationships were rarely met in 
the classroom. A variety of chemical reactions illustrating as many types 
of molar relationships as possible should be introduced to students as a 
basis for stoichiometric calculations rather than any emphasis on other 


; ee 
meeeets Of chemistry, e.g. reaction types, OF reaction mechanisms 


Re as 4 ddimensional-analysiseapproach to stoichiometry is endorsed 


both from a methodological viewpoint and as one which promotes sound 
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problem-solving habits. Dimensional-analysis appears to be a process which 
is easily understood by students independent of cognitive functioning level. 
Although the danger of thoughtless or rote application of the process 
exists, the procedure is useful in that it at least organizes the material 
in such a manner that the student may be led to an understanding of the 
Telationships involved. 

ime adentificd.sequémee of capabilities, -'conversion.-.ratio - direct 
proportionality,' with respect to proportional reasoning in chemistry could 
prove useful to the classroom teacher as a natural order of succession 
leading to more complex proportionality applications. For example, 
following mastery of chemical conversions, application to balanced chemical 
€quations through the use of mole ratios could be attempted. A number of 
direct proportionality applications, such as the 'mass to mass' problems 
found in gravimetric stoichiometry, would then follow logically. Although 
not dealt with in the present investigation, instances of inverse 
proportionality (e.g. in solution chemistry) may represent more complex 
devels in a hierarchy that may be associated with the proportionality 
schema. 

In such instances mastery of lower levels in a hierarchy would appear 
prerequisite to proceeding to the next level. Students should be 
encouraged to offer explanations for chemical phenomena im. Order tonassess 
their interpretations for chemical authenticity. For example, the errone- 


Ous interpretation held by many students in the present study as to the 


i ; i misconceptions 
meaning of chemical equations might have been averted if the p 


could have been identified and discussed. 
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Recommendations for Further Research 


As a result of the present investigation, possible future research 


Betivities include the following: 


a 


The General Proportionality Test (GPT) as used in the present 
study, requires further development. Revisions based on present 
findings, together with further administrations of the GPT, 

might be undertaken to further refine the instrument and 
substantiate its reliability and discriminability. This could 
lead to replications of the present study at other levels of 
science instruction. For example, test instruments similar to 
the GPT and CPT could be devised at other high school grade 
levels to investigate proportionality in other areas of chemistry 
te. se. svolumetrichstorchiometry, reaction rates, chemical équilib- 
rium). The present approach could also be used to identify areas 
of science at the junior high level such as density and specific 
gravity which rely on the proportionality schema. 

The effect that various instructional strategies have on the 
prevalence of proportional reasoning capabilities should be 
investigated. indings associated with the additive mode of 


reasoning identified in the present study seem sufficiently 


prevalent to warrant further investigation. Additive reasoning 


Pouldoberstudied.anerelation.to: (i) mode of acquisition, 


(ii) task dependency, and (iii) cognitive level. 
A longitudinal study on the evolution of proportionality schema 
covering the transitional span between 


should be undertaken, 


concrete and formal operational thought. Insight into the 
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development of the schema over a prolonged period (e.g. Grades 6 
through 12), in relation to curricular demands, could prove 
invaluable to both science and mathematics teachers in relation to 
grade level placement or related concepts. 

The relative effectiveness of various teaching approaches to 
selected concepts involving proportional reasoning in chemistry 
could be examined. Those proportionality competencies in 
chemistry judged accessible to concrete thinkers and those 
accessible only to post-concrete thinkers could be presented at 
appropriate levels of abstraction. Methodological outcomes of 


each approach could then be evaluated. The effectiveness of a 


be assessed in this manner. 

Validation procedures together with certain refinements with 
respect to the group administered Piagetian tasks (PT) used in 
the present study should be undertaken. Revisions could include 
certain format and administrative changes associated with the set 
of tasks in addition to exploring other suitable tasks for 
inclusion. Cognitive level criteria based on a larger sample 
and cross-section of students for individual tasks across grade 


levels could prove extremely useful norms for future rescarcen and 


diagnostic work in this area. 
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APPENDIX A 


(GPT) - Form A 


NOTE: THIS IS NOT A TEST IN MATHEMATICS BUT WE ARE INTERESTED IN HOW 
YOU ARRIVE AT SOLUTIONS TO THESE QUESTIONS. IT IS THEREFORE VERY 
IMPORTANT THAT YOU SHOW ALL YOUR WORK AND CALCULATIONS IN THE SPACES 


PROVIDED. 


SECTION 1 


This section contains 15 multiple choice items dealing with ratio and 
proportion as they might be found in common situations. Please place the 
‘letter which you feel corresponds to the correct answer on the answer 
sheet provided. 


Below are shown two rectangles, A and B. The ratio of their lengths is 


eaven by 6:8 or 3:4. a 
Roe 
8 


4 | A | 6 


6 


The ratio of their widths would be given by: 


is) @lalus! a= 
WN OD OO 
NWO OO 


The Canadian dime contains 10 per cent copper and 90 per cent SiLiversry 
weight. The ratio of copper to silver by weight is theretore: 


a] (@ ies! 2 
to CO 
C10 tO 


At one stage in the hockey season the Edmonton Journal] reported the 
figures for the Edmonton Oilers and the Winnipeg Jets of the World 
Hockey Association as follows: 


Games Won Lost Tied 
Edmonton 60 cel = : 
Winnipeg 60 28 


4 « In? 
Which team had the better win to loss ratio: 
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Edmonton 

. Winnipeg 

- Both are the same 

Insufficient information given. 


> ie e— 


Statistics Canada reports that the average Canadian family consumes 
820 eggs per year. A certain family consumes 1.5 dozen (or 18) eggs 
per week. Relative to the national average, this family's consumption 
is: 


above the national average 
below the national average 
Same as the national average 
insufficient information given. 


oo 


A 10 kilogram roll of wire (1 kilogram = 1000 grams) has a uniform 
weight along its length of 4 grams per centimetre. What is the length 
of wire in the roll? 


A. 250 cm. 

B.. 2500 ‘cm. 
C. 10000 cm. 
D. 40000 cm. 


You have a 21 foot log and you need to cut it into two smaller logs 
unequal in length. The ratio of the lengths of the smaller logs must 
be 3:4. Where would you make the cut? 


A. 3 feet from one end 
B. 4 feet from one end 
C. 7 feet from one end 
D. 9 feet from one end 


Simpsons Sears charges $1.05 for 20 1b. of nails, W.W. Arcade charges 
88 cents for 16 lb. of nails, while B. Lumber charges 50¢ for 10 lbs. 
of nails. Which is the best buy? 


A. Simpsons Sears 

B. W.W. Arcade 

GG. SB. banoer 

D Insufficient information given. 


The ratio of an object's weight on Earth to its weight on Neptune is 
5:7. The weight of an Astronaut on Earth is 180 lbs. What would his 


weight be on Neptune, if he could get there? 


Meee es 0 LDS. 
i oz ibs. 
c. 200 Ibs. 
D. 1260 lbs. 


A T.V. screen is rectangular in shape. [ts size ‘Its usually given as, say, 


0sin. “This is the length of the diagonal of the ee en ae The area 
of the screen varies as the square of its linear measurements. Pisearas 
of a 20 in. screen is 190 square inches. What is the area of a in. 


T.V. screen? 
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Beet S:. OMtN 
Bie 228 (ais 
G. 400 “in: 
Deo 0 ih. 


10. In class 10B there are 30 students. There are 3 girls to every 2 boys 
in the class. How many boys are there in class 10B? 


A. he 
Bo ae 
Cae 20 
De 624 


11. A weight placed on the end of a spring stretches the spring in direct 
proportion to the weight. A weight of 15 grams stretches the spring 
4cem. An object stretched the spring 12 cm. What is the weight of 
phe object? 


A. 27 grams 
B.) 636 ‘grams 
C. 45 grams 
D. 60 grams 


12. A group of 50 students decide to hold a dance. They rent a dance hall 
for 360 dollars and agree to share the cost equally. After the agreement 
with the management of the hall has been signed, they decide to let 
another 40 students come to the dance. What will be the cost per 
atudent if they all share the total cost? 


$3.60 
$4.00 
$7220 
$9.00 


Seta 


13. Eight men can build a pre-fab house in 9 days. How long will it take 
24 men to build an identical house? 


A 26) days 
B. 3 days 

C 18 days 
D 27 days 


14. A certain project can be completed by 28 men in 90 days. The contracio, 


wants to complete the project more quickly, in order to earn a substantial 


Pere! fe hires extra men so that he can complete the project im 673daj- 


How many extra men did he hire? 


A. 
Br. 
G. 
D. 


WM OVW bho 
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ng cars. On a triel run 


. i oney by washi 
15. A charity group wants to raise money by How many boyeseee 


they find that 10 boys can wash 20 cars in 4 hours. 
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required to wash 30 cars in 3 hours? 


Ae ES 
Be =©20 
CesOZS 
Die 30 


SECTION II 
Questions 16 - 18 deal with the following: 
w@ewsbill and John are friends. “Joe_is taller than Bill. Joe is 
shorter than John. Place the correct answer for each question on 
the answer sheet. 
16. Bill is taller than John: 
a) eirache 
b) wrong 
c) cannot say 
ms) John is taller than Bill: 
a) right 
b) wrong 


c) cannot say 


18. The tallest boy is: 


a) Joe 
D) SRL} 
c) ¥ John 


Questions 19 and 20 deal with the following situation: 


Consider A, B and C. If o means taller than, faster than, darker than, 
and x is its opposite, then we may write: 


AobB 
|W ay © 


Now select the correct answer in each case. 


mo, BoA 

a) right 

b) wrong 

c) cannot answer 
oo) Cx B 

a) right 

b) wrong 


c) cannot answer 
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Questions 21 - 30 consist of analogy questions involving both words and nun- 
bers. In each question you will find three capitalized words (or numbers) 
and in brackets, a group of four uncapitalized words lettered a, b, c and 

d. You are to select from the four uncapitalized words that word which best 
completes the analogy with the three capitalized words. In each case place 
your answer on the answer sheet. 


For example: 


Bee NNGhe : SQUARE sso": 2} 
b) 
c) 
d) 


RWN 


The single colon between words means ‘is to' and the double colon 
Sem@eeas*. That 1s, TRIANGLE is to SQUARE as 3 is to ? 


Since a triangle is a geometric figure which has three sides and a square 
is a geometric figure which has four sides, the correct choice is d) 4. 


fee TON: POUND :: FOOT: a) yard 
b) shoe 
C)ip tee 
d)>_ anch 
el. hee BOAT :: FLY a) swim 
b) sail 
c) skate 
d) ski 
See 2 2s: a) 1/3: 2/3 
b) 1/4 
ey l/5 
d) 1/6 
foe FIGHT : WAR :: ACT : a) battle 
b) song 
c) play 
d), tare 
memes, ; 6 3: a) 64 : 8 
Bb} 665 
Cyr 24s 


d) 56 
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26. Meme >: 12) 2 a) 9 
Dy 10 
et 
d) 12 


al. takes BATH :: WATERFALL : a) rain 


b) dive 
c) shower 
d) swim 
fomead : 48 :: 13 
a) 89 
b) 20 
CyeLs 
d)) 27, 
29. WHEAT : FLOUR :: HIDE : a) leather 
Db) efur 
c) skin 
dj apelt 


30. MICROSCOPE : TELESCOPE :: GERM :_ a) astronomy 
b) astronaut 


c) star 
d) lens 


yoiteol 
wia 
pias 
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In questions 31 - 34 place the correct number in the space provided. In 
each case EXPLAIN the reason for your choice. 


31. The next number in the series is: 


bm eS; af | 


Explanation: 


$2. Determine the missing number: 


Explanation: 


33. The next number in the series is: 


4, 10, 28, 82 fi ee 


Explanation: 


34. Determine the missing number: 


3 7 4 8 


Explanation: 


4 } 7 
’ P. i» 
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(GPT) - Form B 


NOTE: THIS IS NOT A TEST IN MATHEMATICS BUT WE ARE INTERESTED IN HOW YOU 
ARRIVE AT SOLUTIONS TO THESE QUESTIONS. IT IS THEREFORE VERY 
IMPORTANT THAT YOU SHOW ALL YOUR WORK AND CALCULATIONS IN THE SPACES 
PROVIDED. 

SECTION I 
This section contains 15 multiple choice items dealing with ratio and 
proportion as they might be found in common situations. Please place the 


lett 


er which you feel corresponds to the correct answer on the answer sheet 


prov 


is 


ided. 


Recent national census figures reveal that the total number of females 
in Canada exceeds the total number of males. Is the ratio of males to 
females in Canada 


greater than one 
less than one 
equal to one 
OVETe2 


GAD SY 


In a ten game curling bonspiel, the results for the top 4 contending 
teams after several rounds of play were as follows: 


games played won Josh, 


Team A 9 6 3 
Team B 9 8 1 
Team C 8 i 1 
Team D 8 6 2 


Which team would be considered the most likely to win the bonspiel? 


One of the top scorers in the city basketball league averages 10 
baskets per game. To accomplish this he normally attempts about 20 
shots on the basket each game. His shooting average expressed as a 


ratio would be: 
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4. A family of four reports that their monthly food bill is $150. What 
would the year's food cost for this family be? 


$150 
$600 
$1200 
$1800 


ONw YS 


5. The proud owner of a new compact car recently returned from a 1200 mile 
trip in which he claims to have averaged 25 miles per gallon of gasoline 
throughout. How many gallons did he use for the trip? 


A. 48 
Bee 96 
C. 480 
De" 960 


6. An electronic parts assembler, Tom is able to produce 4 complete units in 
20 minutes. A second worker, Bill, assembles 3 similar units in 18 minutes, 
While a third, Jack, completes 11 units every hour. Who is the fastest 


worker? 
A> © Tom 
BO. *Bil? 
’ Ge Jack 
Dey ansuLticient information given 


7. Two schools, Southern High snd Northern High, together send a total of 35 
delegates to a-national conference. The student enrolments in the schools 
are in the ratio 2 : 5. The number of delegates allowed to each school at 

the conference must be in proportion to the school enrolment. How many 
delegates should Southern High send? 


A oe 0 
Boe gi 5 
Cie-20 
D%-*25 


8. A6 oz. 'family' size of soap sells for 30 cents. The manufacturer de= 


cides to be fashionable and repackage his soap in a 21 oz. package and 
Call)it*his “jumbo' size. Contrary to accepted practice, he does not wish 
to raise his price. What should he charge for the jumbo size? 


Ave wo li¢ 

B.2+ $1805 
CG. Se $1480 
D ah $1826 


9. A recipe for orange punch requires that 5 cups of orange juice be mixed 
With 8 cups of water. How many cups of orange juice are needed to make 


52 cups of punch? 
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10. The orange punch mentioned in Question 9 is consumed at “a party.” «But 
each person at the party is allowed only 2/3 of a cup. How many people 
can be served? 


Di AS 
De 32 
GC. 60 
De 7S 


11. A man drives from Edmonton to Saskatoon, a distance of 180 miles, in 8 
hours. He then continues to Blaine Lake, a distance of 180 miles from 
Saskatoon. He is careful to keep his average speed for the two legs of 
the trip the same. How long did it take him to drive the second leg, i.e. 
from Saskatoon to Blaine Lake? 


pee? Oe NOULS 
Bee OUTS 
Crea shours 
De 6 hours 


12. An actual distance of 210 km. is represented on a map by a length of 
3 cm. Town A and Town B are 8 cm. apart on the map. What is the actual 


distance apart of Town A and Town B? 


13. A journey from Edmonton to Calgary takes 3 hours when travelling at an 
average speed of 60 miles per hour. How long would the return trip 
take if the average speed is kept down to 50 miles per hour? 


Anes Som hOuULS 
Be 42-0 Nouns 
Cee OUTS 
De” 3.0 hours 


14. Five men can build a large pre-fab house in 10 days. How long will it 


take 15 men, of equal capability, to build an identical house? 


hua 5..0 ‘days 
Bi Ss S3hdays 
Gi td5edays 
D: 30adays 


On. astrial Lun 


: ashing cars. 
15. A Scout group decide to raise money by washing aS 3 


they discover that 20 boys can wash 40 cars 4 4 hours. 
boys are required to wash 60 cars in 3 hours? 
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Form B 


SECTION II 


Questions 16 - 18 deal with the following: 


Harry, Jim and Sam are friends. 
runs slower than Sam. 


answer sheet. 


foe Jim runs faster than Sam. 


a) 
b) 


Cc) 


right 
wrong 
cannot say 


im oam runs faster than Harry. 


a) 
b) 


c) 


te. the fastest 


Questions 19 and 


Consider X, 
than, and x 


right 
wrong 
cannot say 


boy is: 
Harry 
Jim 
Sam 


20 deal with the following: 


Y and Z. If o means taller than, faster than, darker 


is its opposite, then we may write: 


One): 
AaeX. Lae 


Now select the correct answer in each case. 


mo. Yo X 


a) 
b) 


Cc) 


right 
wrong 
cannot say 
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Harry runs faster than Jim and Harry 
Place the correct answer in each case on the 


caubwerttet ant aviw. fb 
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Form B 
ime 2 x Y 
a) right 


b) wrong 
c) cannot say 


Questions 21-30 consist of analogy questions involving both words and 
numbers. In each question you will find three capitalized words (or 

numbers) and in brackets, a group of four uncapitalized words lettered a, 

b, c and d. You are to sclect from the four uncapitalized words that word 
which best completes the analogy with the three capitalized words. In 
each case place your answer on the answer sheet. 


For example: 


PeTANGLE ©; SQUARE 3:3 2 a) 
b) 
c) 
d) 


PW WN Re 


The single colon between words means 'is to! and the double 
Colon means ‘as to'. That is; TRIANGLE is to SQUARE as 3 is to 


Since a triangle is a geometric figure which has three sides 
and a square is a geometric figure which has four sides, the 


Gorrect choice is d) 4. 


al. HEARSE =< CURSE. :: WORSE : a) 
b) 
Cc) 
d) 
Ze. ROGK =: SOAP :* GASOLINE :¢ana) 
b) 
Cc) 
d) 
23. Pesmlecs fa). 1 2 6 
by) 2 
Cl ao 


d) 4 


fest 
course 
furze 
verse 


dish 
pill 
cherry 
pop 
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Form B 


24. 


ae 


Z6. 


e7. 


28. 


29. 


30. 


wm WD 


a) 
b) 
Cc) 
d) 


a) 
b) 
Cc) 
d) 
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a) peach 
Bb) orchard 
c) tree 

dar Ly 


claw 
scuttle 
connect 
bridge 


erystallize 
dissolve 
sweeten 
condense 


complain : TEACH 
plan 

study 

revel 


a 
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Name: 


Form B Class: 


In Questions 31 - 34 put in the correct number in the space provided. 
Explain the reason for your answer in each case. 


31. The next number in the series is 


ls. 28, E 


Explanation: 


32. Determine the missing number 


“Explanation: 


So.) The next number in the series. 1s 


me : A = 


Explanation: 


34, Determine the missing number 


2 4 3 5 


8 64 27 |_| 


Explanation: 
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APPENDIX B 


THE PIAGETIAN TASKS (PT) 


This booklet consists of four exercises. 

IT IS NOT A TEST ! However we would like 
to see the approach you use in arriving at 
your solution to each eisk. It is therefore 


_ essential that you show all your work clearly. 
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1. BALANCE PROBLEMS (BP) 171 


< t 
DroLTD0VOO00DO 000g CO 00s DOOD DDO DOSS 
LEFT be RIGHT 


tk 


The balance shown above contains 16 holes on each side of the 


i j e addition 
crossbar on which can be hung weights of various sizes. Before th 


| 1 position. 
of any weights the balance remains in a neutral or horizontal p 


N turn the page and answer the following questions about the 
ow tu 


balance, 
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A i) Suppose a 10 gram weight is placed in the end hole (16) of the, Lent a 


hand side of the balance. What would be the resulting position of the 


balance ? Show the resulting position by means of a small diagram. 


WHY do you think the balance should be in the position you indicated ? 


2 


ii) Suppose you wanted to balance the 10 gram wetght in the above question 
by using a 20 gram weight. Where would you place the 20 gram weight? 


Draw a diagram to illustrate your answer. Indicate the number of the 


hole in which you would place the weight clearly. 


Explain why you placed the 20 g weight in the position shown in the 


diagram. 
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B. Consider a 20 gram weight suspended from the midpoint (#8 hole) of the 
left hand side of the balance. Where would you place a 40 gram weight 
to restore the balance to a neutral position ? Illustrate by means of 


a diagram and show the hole number clearly. 


Explain why you think the weight should be in the position drawn. 


C. Illustrate how you would balance a 20 gram weight placed in the #7 hole 


of the left hand side of the balance by using only a 10 gram weight. 


Explain why you drew the 10 g weight in the above position. 
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2 JRAYLO TASK (RT) ae 
The figure drawn below represents a SMALL chemical flask. When measured 
with large paper clips, the height of the small flask was found to be 4 
clips. When a similar LARGE flask (not shown in the diagram) was measured 
With the same large paper clips, it was found to be 6 clips high. 
Now please do these things: 
1. Measure the height of the small flask 


on the right using the SMALL paper clips 


provided. The height Ys SMALL paper 
Lys: 

Gee PREDICT the ;/height of the LARGE flask if 
it were measured with the same small clips. 
The height of the LARGE flask would be 

3. EXFLAIN how you arrived at your prediction. 
You may use diagrams, words, or calculations. 
Please explain your steps carefully. 


EXPLANATION (Be precise) 


large paper clip small paper clip 
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3. METRIC PUZZLE (MP) 
V75 
In preparation for the total metric conversion, the Province of Alberta 
has begun to change their hiphway distance road signs to a dual English-Metric 
system. Shown below is an example of a sign that you might see if you drove 


towards Calgary. 


CALGARY 


180 MILES 
288 KILOMETRES 


Suppose that the Province of Saskatchewan also converts their road signs 
to the same system. As you drive towards SASKATOON you might see the following 
sign. 


SASKATOON 
350 MILES 


~ KILOMETRES 


Are you able to compute the number to put in the blank shown from the 
data given on this page ? YES NO 


If you can compute the number to put in the blank, please do so. 


EXPLAIN IN WORDS HOW YOU CALCULATED YOUR RESULT. 
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4. ISLANDS PUZZLE (IP) 


This puzzle is about Islands A, B, C, and D in the Ocean. People have 
been Peyeliing among these Islands by boat for many years, but recently an 
airline started in business. Carefully read the clues about possible plane 
trips at present. The trips may be direct or include stops and plane changes 
on an island. When a trip is possible, it can be made in either direction 
between the islands. You may make notes or marks on the map to help use the 
clues. 


ISLANDS MAP 


FIRST CLUE People can go by plane between Islands C and D. 
SECOND CLUE People cannot go by plane between Islands A and B. 
Use these two clues to answer Question 1. Do not read. the: next, clue yet. 


9 
QUESTION 1. Can people go by plane between Island B and D: 


SES “NO CANNOT tell from the two clues 


—_— 
—_—_—~ 


Please EXPLAIN your answer. 
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THIRD CLUE ( Do not change your answer to Question 1 now !) 


People can go by plane between Island B and D. 


Use all three clues to answer Questions 2 and 3. 


QUESTION 2. Can people go by plane between Island B and C ? 


YES NO CANNOT tell from the three clues 


Please EXPLAIN your answer. 


QUESTION 3. Can people go by plane between Islands A and C ? 


YES NO CANNOT tell from the three clues 


a 


Please EXPLAIN your answer. 


vey 


i, oi 7 


(1) wan: i pert ae jee claal aie 
@ the! Hotta eapunponaTe° 
- Bis e ares 


: 4 7 in) te ‘a 
- by i 


_} 0 bas & breel ppavted paging, ye Cr 


you ho wets axiz i Thed. TORMAD NM oe 


a _ eer uy A 


 ¢ Obie wheats? + nih at 63 sic 
2ayvio Aaya) ens dork Tis ve8a a ON 


APPENDIX B 


Criteria Used In Performance Assessment 

On Piagetian Tasks (PT) : Balance Problems (BE). 
Ratio Task (RT), Metric Puzzle (MP) and 

Islands Puzzle (IP). 
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Balance Problems (BP) 


’ 


Formal Thought (F) At this level the student is able to make the 
transition from qualitative correspondences in the balance problems to numerical 
proportions. Students initially discover that a given increase in weight can be 
compensated by a proportional decrease in the distance of the weight from the 
central axis. However he also notes the increase in weight can be cancelled by tak- 
ing away the added weight, by increasing the weight on the opposing side, or by 
increasing the distance on the opposing side. At the early formal level (FL)> 
the student begins to conclude that the four variables are interrelated. 

At the late formal stage (Fy) > the student becomes able to use the notion 
of a proportionality between weights and distances i.e. W, is to W, as D, is to 
D,. Problems (see for example question C in the Balance Problems) which students 


if 


could not handle with qualitative reasoning can now be resolved using the prop- 


Ortionality relationship. 


Students apply a qualitative scheme for proportions 


Concrete Thought (C) 


in the form of a system of compensations. Initially students clearly apply the rule 


for equilibrium by placing equal weights at equal distances from the central axis. 


Although this qualitative approach is extended to include "the heavier the weight, 


i Ug i idence available to in- 
the closer it must be placed to the middle", there is no evide 


dicate that the student is utilizing a true proportionality relationship. 


aatio Task (RT) and Metric Puzzle (MP) 


Formal Thought (F) In the Ratio Task (RT) each small paper clip corres- 
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APPENDIX B 


ponds to a certain number of large paper clips, an intermediate quantity 
not stated in the Task nor asked for. Once this conversion is known, the 
answer is found by simple calculation. Alternatively, the student might 
conceptualize the size ratio, another intermediate abstraction, and then 
reason that this ratio must be invariant with respect to the units of 
measurement. Similar reasoning is required in the metric puzzle. Often 
Students set up equivalent ratios from the given data to form a propor- 


tionality expression in terms of X. 


Concrete Thought (C) Since the large flask measures a greater 
number of large clips than the small flask, students simply add the differ- 
ences to the measured height of the small flask. Even though the arith- 
Meetceaitference is not stated or asked for, it is a much more direct 
measure of the qualitative difference than is the ratio, which comes 
from making a correspondence between small and large flasks or miles and 
kilometers. Another approach taken is to simply approximate the ratio be- 
tween the large and small clips visually, say 2:1. On both cases no con- 


Sideration is given to available data. 


Islands Puzzle (IP) 

Formal Thought (F) On Q2, the trip from Island B to: [stands tas 
conceptualized as possibly achieved by a change of planes or stop over at 
Island D. That is, clues about planes routes are not only evaluated in 


terms of the direct information they provide, but also in terms of possible 


inferences based on general rules about connections that were stated in 


the puzzle. 
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On Q3, the formal thinker imagines all possible routes from Island 
A to Island C in order to bring to bear the information available in the 
clues. In particular, he must hypothesize that air travel is possible and 


evaluate this hypothesis for consistency with the data. 


Concrete Thought (C) Since the clues do not give the answers to 
the questions directly, the concrete thinker either cannot tell or selects 
certain details from the map (e.g. geographical placement, island separa- 
f10n) Or postulates properties of each island to explain his ideas (e.g. 
Island A has no airport). dare eelse of one island (size, topography) are 
conceptually simpler to manipulate than the plane routes which represent re- 
lationships between islands. This approach also eliminates the need to make 


use of the rules for combining plane routes. 


The following section presents a number of sample student responses 


to these tasks, categorized according to the above criteria. 
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Sample Student Responses on Balance Problems (BP) 


(Question C only) 
Student F(1) The 20 g weight is 2x as much as the 10 g weight, 20 g weight is 


in the 7th hole, 2 x 7 = 14, therefore 10 g weight would be in 
14th hole. 


Student F(2) The 10 g weight is half as heavy so I moved it twice as far as 
the 20 g weight. i 


Student F(3) Because the 20 g weight is twice as much as the 10 g weight and 
in order for it to balance the 10 g weight must be put in the 


hole that is 2 times as much as the other. 


Student F(4) As 10 is half as much as 20 so it should be twice as far away 
from the fulcrum. 


Student C(1) Because the 10 g is further from the center of the balance. (10 
gram weight is shown in hole #13 on right hand side). 


Student C(2) (No diagram shown) The bar is not enough for the 10 g weight. 
Student C(3) It's a guess. (10 gram weight shown in #1 hole on right hand side) 
Student C(4) Can't be done for need hole in between 3 and 4 hole on right 

side so that the 10 g weight on right side will balance 20 g 

weight on left side. 

Sample Student Responses on Ratio Task (RT) 


Student F(1) I divided 4 into 6, got 1.5 and multiplied by six equalling nine. 


Student F(2) small flask large flask 
large clips 4 large clips 6 
Siar! clips “6 small Cl res. a 
A = 6 
6 x 3° 36=4xX. "x=9 


Student F(3) Because the large and small flasks were measured before and 1B 
showed that the large was 1.5 times the small in paper clips. 


The same was done here, 6 x 1.5 = 9. 


re are about 2 small clips to one large so I 


Student C(1) 1 estimate the e I think that is the right 


added on four small clips becaus 
size. (ans. 8). 
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Student 


Student 


Student 


Student 


Student 


Student 


BAZ) 


C(3) 


C(4) 


F(1) 


F(2) 


F(3) 


F(4) 


Cyl) 


€(2) 


C(3) 


C(4) 


APPENDIX B 


theelarge flask is»about twice the size of .the+small so double 
how many clips it took to measure the small flask. Cansir 2). 


When the same clips are used the other flask would not vary too 
much in .sizeviCans °10).. 


Because with the big paper clips the ratio is 4:6 so you could 
use the same ratio to figure it out to be 6:8. 


Sample Student Responses to Metric Puzzle (MP) 


182 


We have a ratio of 180 miles to 288 km, compared to 350 miles per 


x km, therefore 
180 = 350 


288 xX » x = 560 


If 180 miles equals 288 kilometres the 350 miles must equal x km. 


180 = 350 
288 x > x = 560 


Divide 180 by 288, ans. 1.6, multiplied amount of miles by 1.6 
and got ans. 


Using ratios determine relationship between miles-kms. 


180:288 
Gis 0 BSS cross multiply to get answer. 


Well, if 180 miles is 288 kilometres, I added 180 to 180 to get 
360 and then added 288 and 288 to get 576, subtracted 10 miles 
and got 566 kilometres. The reason why I subtracted 10 miles be- 
elise when added 180 + 180 I. got 360 which was 10 miles more ¢han 


I needed. 


fedoubled the miles. and added .on.50. ,(ans. 7500 < 


268 —- 180 = 108, 350 + 108 = 458 km. 


ilo in.one mile. 
I can't complete because I do not know how many ki 
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sample Student Responses to Island Puzzle CLE) 


Student F(1) 
Ql. Cannot tell, we do not know if Island B even has an airport. 


Q2. Yes, could refuel on Islarid D then on to C. 


Q3. There is no information or clues to how A is to get.-to C. 
A cannot go to B to D to get to C because of second clue. 


Student F(2 
ae B Ql. Cannot tell, not enough information. 


Q2. The plane can go to D to stop and from D to B. 
Q3. There is not enough information. 


Student F(3) Ql. Cannot tell, we don't know yet if people can come from D 
toe ox Cito A to B. 


O02). fires: 2B ito D to iG. 

Q3. Cannot tell, no information has been given for Island A. 
Student F(4) Ql. The diagram does not give enough information. 

U2.) Yes, because Onceseney, vet to. D they canypet toe. 


O3; “Cannot Gell af you could eo from/A = Gsor A — D because 
of insufficient data. 


etudent C(l)’ Ql.” Band’ D should be able to if C’ and D can. 


Q2. I have no way of knowing whether the planes can go between 
Islands B and C from the three clues. 


O3-" Yes, sbecause A= (B cans tersonA and: G.snould. 

Pendent..Ci2),70l.8 Yes, as, faras can tell.) Because it. issa shorten. distance, 
Q2. No, because the plane canponly fly dixvect between theel stands. 
Ose ges.) « Decausemt 15 auShonemdistance. 

Student C(3) Ql. Yes, B and D both have airports or landing strips. 


O2¢ No, if peopleycan’t go.from Ayto By then wouldnt itebe 
logical that. people can"t go from B to G2 


03. Yes, they can stop over at Istland CG. 
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CHEMISTRY 10 (CPT (1) ] 
COMPOUNDS AND NOMENCLATURE 


THIS TEST CONSISTS OF TWO SECTIONS. In the FIRST section which consists of 20 
multiple choice place your answer to each question in the ANSWER SPACE PROVIDED. 


In the SECOND section which consists of 3 questions you are to place your 
answer to each question in the space provided on the QUESTION PAPER. SHOW ALL 
YOUR WORK. 


GOOD LUCK! 
SECTION I 


1. The number of atoms of oxygen represented by one formula unit of aluminum 
sulphate [TA1, (£0,)3 Lo 


as aco (ee ey) 
By «4 aya lz 


2. The electron rearrangement occuring when copper and oxygen combine to form 
the ionic compound, Cu,0, can best be described as: 


a. each copper atom sharing one electron and each oxygen atom sharing two 


electrons. 
b. each copper atom sharing two electrons and each oxygen atom sharing 


one electron. ae 
¢, each copper atom losing one electron and each oxygen atom gaining 


two electrons. : 
d. each copper atom gaining one electron and each oxygen atom losing 


two electrons. 


3. A molecule of a carbon compound is found to contain two hydrogen atoms 
per carbon atom. A possible formula for this compound might be: 


4. An element A combines with another element B to form a compound. we A 
atoms lose 3 electrons each, and B atoms gain 3 electrons each, the com- 


pound has the formula: 


a. AB en A,B. 


b. Ae 
AB. d 
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‘ACS ah A 
meen metallic ion represented by X might have which of the following 
combinations of sub-atomic particles? 


feet serectrons + 11 protons c. 9 electrons + 11 protons 
hao electrons-+.9 protons d. 11 electrons + 9 protons 


6. In the formation of the compound calcium fluoride (CaF) the number 
of electrons exchanged per formula unit would be: 


ee ak c. 

Dy 2 dae 
7. In the formation of ionic bonds which of the following is TRUE? The 

ratio of electrons lost by the metallic ion to the electrons gained by 


the non-metallic ions or radical is: 


a. always equal to one c. usually greater than one 
b. sometimes equal to one d. usually less than one 


8. Elements of group IA (except hydrogen) react with elements of group VIA 


to forn: 
a. molecules ¢. ionic solids 
b. complex ions d. gaseous compounds 


9. A sample of aluminum carbonate that contains 10,000 aluminum ions must 
also contain how many carbonate ions? 


a. 10,000 c. 15,000 
De 125000 a.) 850,000 


10. The type of bond that will most likely form when two atoms combine can 
best be predicted from each atom's: 


a. total number of electrons c. nuclear charge 
b. number of valence electrons d. atomic mass 


In Questions 11 - 13 you are required to predict a valence or combining 
number for the unknown ion or radical given the formula containing a known 


ion and the unknown ion. 


11. The valence or ion charge of X in X,0, would be: 


a] rere Bre, 


Be) 2 a: 4 — 


12. The valence or ion charge of Y in YCL would be: 
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a3. 


14. 


15. 


x0, 


7. 


18. 


19. 


The valence or ion charge of Z in AIZ would be: 


ae | one Ps) 
B.) 2 ‘6 ae ne = 


Unknown R and T ions form ionic compounds with calcium and fluoride 
lons - SF and CaT. A possible formula for the ionic compound formed 
between unknown ions R and T might be: 


ae RT: Cae Rk 


Da RT, o ROT, 


Unknown D and E form ionic compounds with potassium and sulfide ions - 
D.S and KE. A possible formula for the ionic compound formed between 
unfnown ions D and E might be: 


a. DE Cr DE 


EB 
Db. DY, de DQE. 
The formula unit which shows the respective atoms or ions in the small- 
€st possible whole number ratio is called the simplest formula for that 


substance. Which of the following represent a simplest formula? 
a. CoH, he N,0, 
Db. H,0., rele SnF.,, 


The correct name for the compound Fe,S. SK 

a. diiron trisulfide Ca. .ivonr Git )estdfade 

Pemeiron. (111). sulfide d.. ferrous sulfide 

Use this information to answer questions 18, 19 and 20: 

Suppose 200,000 aluminum atoms react with oxygen to form aluminum oxide. 
The formula for the compound that forms will be: 

ae ALO Cs Al,o 


o 


b, d. Alo 
Al 0, 


. © 4. = \- #. 
How many oxygen atoms will combine with the aluminum atoms: 


a. 100,000 c. 300,000 


b. 200,000 d. 400,000 
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20. How many electrons in all will be lost by the 200,000 Al atoms and 
gained by the 0 atoms in this reaction? (Hint - aluminum forms + 3 ions) 


a. 600,000 c. 300,000 
b. 400,000 d. 200,000 E 


21. The correct name for the compound SnCl, is 
, “a 


a. tin chioride c. stannous (II) chloride 
b. stannous chloride d. stannic chloride ae. 
22. The correct name for HNO. is 
(aq) 
a. Hydrogen nitrate Cr =nt ere acid 
b. hydrogen nitrite d. hydriodic acid 


23. In the formation of the ionic compound ferric nitride, the total 
charge per formula unit after the transfer of electrons would be 


a. 0 Cue 
Data l Die 95 

24. If calcium reacts with chlorine, the product will be called 
a. calcium dichloride c. calcium dichlorine 
Beeacalcium chlorine d. calcium chloride 

25. Which statement is false? Binary compounds 

. have names ending in ‘ide' 

contain two kinds of atoms only 


s are diatomic 
may be ionic or molecular 
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SECTION IL 


This section consists of 3 questions. Place all your work to each question 
in the space provided on the question sheet. 


Question ] 


A. 


Consider the two gaseous molecules: H,0 (water vapor) and HS (hydrogen 
Sulphide). Determine the combining ratio between the number of hydrogen 


atoms and the non-metallic atom in each molecule. 


i. Ratio = number of hydrogen atoms per molecule of HO 
number of oxygen atoms per molecule of H.0 


li. Ratio = number of hydrogen atoms per molecule of HS 


number of sulphur atoms per molecule of HS 


Determine the ratio by mass of the combining atoms in each gas. 
feeonre mass Of He 0f"and S‘are’ 1; 16 dnd 32 respectively)’. 


i. Ratio = mass of hydrogen atom in H,0 L, 


mass of oxygen atom in H,0 


ii. Ratio = mass of hydrogen atom in HS 


mass of sulphur atom in HS 


How do you explain the difference between the reacting ratios by number 
of atoms and atomic masses in the above calculation. Be specific in 


your answer. 
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Question 2 


A. Consider the chemical expression: 2H,0 


a. What does the above represent? Be precise. 


b. Determine the combining ratio between hydrogen and oxygen atoms in 
the above expression. 


Question 3 


Two students A and B are given unknown samples of a colorless, odorless 
gas. After analysis both samples are found to contain only the ele- 
ments carbon and oxygen. Student A maintains that his sample contains 
1.33g of oxygen for every grain of carbon. Student B claims his sample 
contains 2.66g of oxygen per gram of carbon. Can you account for these 
results? Explain your answer carefully. 


Carbon Oxygen 
Student A 1.00¢g Presse 


Student B 1.00g 2.668 
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CHEMISTRY 10 [CPT (2)] 
CHEMICAL REACTIONS 

THES TEST CONSISTS OF TWO SECTIONS. In the FIRST section which consists of 20 
multiple choice questions, please place your answer to each question in the 
ANSWER SPACE PROVIDED. 
In the SECOND section which consists of 3 questions you are to place your answer 
to each question in the space provided on the QUESTION PAPER. SHOW ALL YOUR 
WORK, 


Good Luck! 


SECTION I 
fein the reaction: 
Gees CH = C+ HCl (unbalanced) 


2 10 16 
the ratio of molecules of chlorine cl, reacting with molecules of Ci otis LSs 


2. 61:8 | ce. 16:1 
b. 8:1 d. 8:10 


2. Sulfuric acid + aluminum hydroxide ——-> water + aluminum sulfate 
The balanced equation for the above word equation is: 


a. HS + Al(OH), ——> HOH + A1S0, 


b. HSO, + AlOH ——> HOH + A1SO, 
ae + SO 

3H,S0, + 2A1H, ——> 6H, Al, (S0,), 
Gs 38,50, + 2A1 (0H), ——> GHOH + Al, (S0,), 


3. Metals lose electrons in order to form more stable outer ae oe 
with lectr in its. outer shell loses this electron to torm tits 
ONEReEIMCCELONn, Lh z in the Nat ion fg LL 
ion, Nat. As a result the ratio of electrons to protons 


be: 


a. less than one c. greater than one 
b. equal to one d. same as before 
4, 2Na0H + 2HOH + Na,SO 
Bee 2° 4 (aq) 24 


duce 3.60 of HOH, then 
If 8.00 ¢ of NaOH react with 9.81 g of H,50, to Produc g : 


the mass of Na,SO, produced is: 


MWe. 16.21 cig REs8t 
pedd 22 Ae 4). 


+ . 
oie 


: r 
4 ‘PAA \ 
ey eS — Geer SA it OE y vi 1 » eae te 
i 1 Tee 
Av aN = > P ae al le 
, ar 1 to 3 ' i a Ura. U 
iePaa SOLA a a, a 
comin AA Ce acer een stmense wrens Tie “iy ' 3 $ ata A - iby 
— 
ce ‘ herr s? - 
= iy > 


rte) TH Ot eaeneR Ve 


aces AOTMaN ein 


» 


Qo to e¥slasdo dia inun gotdess Tart verte ar “, SOR a8 owt 10 3 
ort (ik MeLeun5 Cops Oo} Sate W0OY eo aalty sesotg anoba 


+ oor it re sic OS 31.5, OV SGl Jem hae! & 29 een kwinae thd 
39) AIA WOWe iataa PORECRUD Gio wo bebivery aaa 


\ 


/ 
labo aOR 


ey on ag ton ery | it + oe 


wo Ie! Aetuoshom GFT0 wilt sees (50 sazvokdn to 
i) 7 Ss et 
ae 


See | A : * a ohe 
ettiLia eunkgupinl + ratee, keyed anyarte peut: 


‘gy gotseupe Drm mothe ans m0 1 


ee ee oe ' 


o 5 ay 

Buthed .elisia T9 JUG af inne, syog ads 5m oF 
gether ots mol os ocioeial esis oxo lente. 
Side pot Fav sit ni JO4G°0) anctisels We 4 


CHEM 10 [CPT (2)] 


LG 


_d. The name for Fe,0, is ferric oxide. 


191 


In a balanced chemical reaction, the ratio of the total number of molecules 
on the left hand side of the equation compared to the number of molecules 
on the right hand side is: 


a. always less than one C. sometimes equal to one 
b. always equal to one d. always greater than one 


__NadH +___A1(NO,), > Al(OH), + __NaNo 


3 


Balance the above equation using simplest whole numbers. The coefficient 
(number in front) for AL(NO,)., would be: 


In the reaction: 
feo. > N,0 
No 2 24 
it is found that the complete reaction of 28 grams of nitrogen with sufficient 
oxygen will form 92 grams of the oxide, dinitrogen tetraoxide. The number of 


grams of nitrogen needed to produce 46 grams of oxide would therefore be: 


aw. 14 c. 56 
De 46 Gat 14 


Which of the following is NOT involved in balancing chemical equations? 
a. conservation of atoms c. conservation of energy 


b. conservation of mass -d. conservation of molecules 


Consider the following unbalanced equation: 
Cc 
=. ct es ———> ___ 50. 


When the above equation is balanced, the coefficients from left to right 
are: 


a. eee 2 Ce 1,8 —> 
fools 


2 
mao, 8 —> § d. 8 


eS, + 110, > 2Fe,0, ; 


‘ 9 
Which of the statements abouc the above equation 1s FALSE? 


i igi £507. 
@. Four formula units of FeS, will produce eight molecules o 9 


b. Oxygen has 11 atoms per molecule. | | 
C. There are four ions of Fe on the right hand side of the equation. 
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+ 
C,H, + 50,——> 3C0, + 4H,0 


Which of the following statements about the above equation is TRUE? 
a. 2 molecules of C., 
Pay . molecule of CH, will produce 2 molecules of products. 

Se molecule of C,H. will react with 10 molecules of oxygen. 


He will react with 10 molecules of oxyzen. 


d. The equation is NOT balanced. 


There is a family of hydrocarbons, some of which have the formulae, C,H 


; ; ; 267 
CoHes C,H and CoH) 5: In this same family the member which has ten 
carbon atoms per molecule would have the formula: 
i “i0"18 eee aid, 22 


b. d. 


CioHag Ci otto, 


Which of the following members of the oxy-acids of chlorine has the greatest 
ratio of chlorine to oxygen? 


a. HC10/, C. HC10, 


b. HC1O., d. HCc10 


The product in the reaction between lithium and nitrogen is: 


a. LiN, ey LIN, 


b. Li,N d. Li,N 


Cus as 0, = Cu, 0 a sO, 


The coefficient for oxygen in the above equation would be (use whole 
numbers only): 


=.5 1 éecus 
by «2 ad. none of the above 


; Say 0. + .CO. Sts san 
The reaction represented by the equation, Hy 003 (aq) > 2 


example of: 


decomposition 


@. combustion of hydrocarbon Ce ia 
simple composition 


b. double replacement d. 


reactants involved in the 
A chemical reaction produced AgBr and CsNO,. The t 


reaction were: 


a. CsNO. and AgBr c. CsAg and BrNO, 


: + A 
b. CsBr and AgNO d. CsBr + NO, g 


3 
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18. Which of the following statements about a balanced chemical question is 
FALSE? 


a. The ratio of mass of reactants to products is always equal to one. 
b. The ratio of atoms of reactants to products is always equal to one. 
c. The ratio of molecules of reactants to products is always equal to one. 
d. The total number of atoms involved in a reaction remains unchanged. 


19. Atomic masses of elements are rarely whole numbers because: 


a. Methods of atomic mass determination are not very accurate. 

b. It is hard to isolate pure samples of elements. 

-c¢. The number of protons often différs from the number of neutrons. 

d. Most elements consist of different kinds of atoms, called isotopes. 


20. Suppose a chemistry student incorrectly used the formula, H,O.s for water in 


the equation for the reaction between hydrogen and oxygen to form water. As 
a result, his balanced equation would show the reacting ratio between 
hydrogen and oxygen as: 


a. greater than the correct ratio 
oe same as-the correct ratio 
eweetess than the correct ratio 

d. insufficient information 


SECTION II 


For each question in this section show all your work used in arriving at your 
answer, 


Question 1 


Iwo gaseous elements with symbols A and B are found to have atomic weights fe 
12 and 8 respectively. Molecule A is found to contain two atoms per aa e 
While B contains 3 atoms per molecule. When combined, elements A and B form a 


Stable gaseous compound, AB, - 


a. Write a balanced chemical equation for the reaction between A and B. 


b. What is the reacting ratio of A and B in terms of: 


i) molecules of A and B? 
ii) moles of A and B? 


iii) molar masses of A and B? 
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Question 1, con't... 


c. How many molecules of B would be required to completely react with 
10,000 molecules of A? 


Question 2 


One student maintains that the correct chemical interpretation of the reaction 
below is that one atom of A reacts with 4 atoms of B to form one molecule of AB.. 


4 
His friend claims that a more accurate statement would be, one mole of A reacts 
with 4 moles of B to form one mole of AB Are either of these interpretations 


correct? Discuss your answer. e 

(equation) ; A + 4B aoe AB, 
Student 1 one atom + 4 atoms > one molecule 
Student 2 one mole + 4 moles ——> one mole 


Question 3 


From your knolledge of chemistry and 
a hydrocarbon with formula oes wher 


balancing equations, suppose you were told of 
e x and y represent the number of atoms of 

C and H respectively in the compound. The unbalanced equation for the complete 
combustion of this hydrocarbon in air is given by: 


) 
Exy + 0, > CO, + Hy 


a. What would be the coefficient of the carbon dioxide molecule in the 


balanced equation? (In terms (op cae 
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Question 3, con't... 


b. What would be the coefficient of the water molecule in the balanced 
equation? (In terms of y) 


c. Calculate the moles of carbon dioxide to moles of water formed in the 
reaction. 


ratio = 


d. Write the complete balanced equation for this reaction. 
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APPENDIX C 


CHEMIOURY 20° (CPT (3) 4 


THE MOLE 


THIS TEST CONSISTS OF TWO SECTIONS. In the FIRST section which consists 
of 20 multiple choice, place your answer to each question in the ANSWER 
SHEET PROVIDED. 


In the SECOND section which consists of 3 questions, you are to place your 
answer to each question in the space provided on the QUESTION PAPER. SHOW 
ALL YCUR WORK. 


1. 


Good Luck! 


SECTION I 


If 16CO., represents sixteen moles of carbon dioxide molecules then the 
EGLal miumber of moles of atoms represented is: 


an OT6 enat4as 
De 32 a2. 64 


The number of moles in 7.56 g of epsom salts, MgSO, (molar mass = 
#20 ¢) is: 


are 0630 Ce, O81S0 
Dee 00110 dis, 397-360 
Given that: 
2KOH + H,S0, te K,S0, + 2H,,0 
How many moles of H,SO, are required to react with 1 mole of KOH? 
are 1/2 CaneZ 
po 6] d. 4 
Given that: 


What mass in grams of Mg would react completely with 32 g (1 mole) 
Gis ¢ 

7 alae 4 Ce to 

DB, 2d d. “pe 


If you predict that 1.20 
in a chemical reaction, 


mol of calcium oxide (lime) should be used 
then the mass of calcium oxide reacted should 


be: 
a. 0.0214¢ Ce OOnLe 
Be 46.8¢ ds 67.52 


The number of moles of NaOH (molar mass = 40 Tere be equal 
= 100 g) is: 


in mass to 2.00 moles of CaCO, (molar mass 
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10, 


a. 


rz. 


rs 


14, 


om 2.00 ee S83 
Boho 250 de. 15°00 


eye 


The measurement that shows three significant digits is: 


a. 305.1 ¢ c. 0.006 g 
btiy 0.1059. g d, 20.4 


The number of moles of NaCl in a two pound (908 g) box of table 


salt 1s: 


ava 10.0644 mol Ce missed amo! 


Peto. 5. mol Gees e561) x ebO m0] 


The molar mass of sodium sulfate is: 


55.1 ¢ cr 119g 
Bey W710. 0g d. 142 g 


Planet Y has the same elements as planet earth but a different sys- 


tem of weights and measures. 


In their system nitrogen atoms have) a 


molar mass of 21 units. In their system helium atoms would have a 


molar mass of: 


pe 2.0 units Gan OO Unies 
roe. 46 OA it's d. 8.0. units 


Assume sulfur was S, instead of Se: 


mass of: : 

ee 90.0 9 Coreen one 
Dam ili2s 2 de | Soo 
Given that 


S + 0, ——-» S0., 


3.00 moles of sulfur would have a 


What mass in grams of 0, is required with 1/2 mole Of oo. 


a, 16 CornesZ 
Ds. 24 dy 46 


The mass of 0.25 mole of a compound with the molecular formula AB 


is 


17 g. If the molar mass of element A is llg/mol, the molar mass of ele- 


Reveen, in g/mol, 1s: 


a, 19 GiaPoS 
ben 28-5 Gate 57 


The number of moles of atoms in 1.40 g of copper (molar mass 
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20. 


What mass of 0 


tye mass of 6.02 x 


ae “i mol 
Beery. oC 
Given that: 


Aa eer 


Calculate how many 
ae, 

De -2 
iethe reaction: 


INBRED Due Sp 


42.0 g of A reacts 
motartmass of C is 


jar ele) 
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23 
10 molecules of carbon tetrachloride is: 


25 


GHOZ =x 10 “oe 
154 g 
_NH, 
moles of H., would react completely with 1 mole of No. 
Cer 
di, 4 
2C + 4D 


with 2.0 G>of Btvo™producer2000 efor Cetalfaagie 
voYOVg/mol;*the molar mass of D in g/mol is: 


One molecule of ethane, C.H,., contains: 


6 moles of H atoms 
a total of 8 moles of atoms d. 2 atoms of carbon 


2.634 
€..- a2 total of 6 x 6.02 x 102° atoms 


The atomic wt of znernine is 24.3 
The atomic wt of morkur is 14.2 
The molar mass of znernine trimorkide would be: 


ee 14.2 ¢/mol 
ba 24.35 o/mol 


In the reaction: 
C + 0. emer 


2 


aa 9.09 
bee) 16 ¢ 


ey = S8ecees/ m0 
d. 66.9 g/mol 


CO 


Z 


is required to react with 0.25 mol of carbon? 


64 g 
128 g 
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THE MOLE 


BeECIION II 


Show ALL your work in the SPACE PROVIDED. 


1. A student wishes to weigh out samples of three metals (copper, silver 
and gold) so that all three samples contains the same number of 


weons, namely 3.01 x ine” atoms. How many grams of each metal should 
be weighed out? Show your calculations. 


Cu atomic mass Ag atomic mass Au atomic mass 


=nOS.o = 108 = 197 


2. What mass of iron (atomic mass = 55.8) would contain the same number 
of atoms that there are in 5.05 g of neon? (atomic mass of Ne = 20.2). 
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3. A. The present system of atomic masses uses as its standard that of 
carbon with its value of exactly 12.000 units. Suppose the atomic 
mass of carbon was changed to 100 units instead of the present 
standards. On this new 'metric' scale using carbon 100 as the 


standard mass, what value would you assign? 


i. the atomic mass of oxygen? 


ii. the atomic mass of hydrogen? 


B. Using the newly assigned atomic mass values, calculate the molecular 
mass for the water molecule: 


C. How would the percentage composition of water compare with that based 
on the carbon 12 system of atomic mass? Expiain your answer, 
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APPENDIX C 


CHEMISTRY 10 [CPT (4)] 

GRAVIMETRIC STOICHIOMETRY 
THIS TEST CONSISTS OF TWO SECTIONS. In the FIRST section which consists of 
15 multiple choice questions, place your answer to each question in the 


ANSWER SHEET PROVIDED. 


In the SECOND section which consists of 3 questions you are to place your answer 
to each question in the space provided on the QUESTION PAPER. SHOW ALL YOUR WORK. 


SECTION I 


meete 68 g or 2.0 moles of phosphorus trihydride (PH) is decomposed into 
its elements, the number of moles of hydrogen gas that will be produced is: 


ena 2.0 Ce Oav 
Ban 3:20 sO 
2 Consider the following reaction CuBr. + Ag,S0, ———» Z2AgcBr + CuSO, 
The TRUE statement about the reaction is: 
aq) k,0 mole of CuBr, produces 1.0 mole of AgBr. 
De 0.10 mole of CuBr, reacts with 0.10 moles of AgS0, 
Car ,Oemoles of Ag,s0, produced 3.0 moles of AgBr. 
d. 0.25 moles of AgBr are produced from 0.50 moles of Ag,S0,. 
3 Consider the following reaction: N, + 1 ees i 2NH. 
The MASS of hydrogen in grams which will react with 2.00 moles of nitrogen 
Ss 
aoe 2. 00 GC. 0.00 
Pe 3..00 le ae 
4 Consider the following equation: 2Al + Fe,0,———> 2Fe + Al,0. 


The TRUE statement about the equation is: 
a. 2g Al will react with 1 g of Fe.0,. 
b. 2 mole Al will produce 2 moles of Fe. 
zo OL Fe,0. will produce 2 moles of Fe. 


1 mole of Fe,0. will produce 1 g ee 
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>. 


10. 


Given that: 


CoH. 3 0. —_—_» CO, + H.0 (unbalanced) 
The number of moles of 0. required for the complete combustion of 
iene l of CH, is: 

256 
2) aa C.- WZ 
be. 2.0 dee ecore 5 


Por the reaction 2HC] + Ca (OH), —> Cacrs + 2H,0, the number of 


2 
moles of water produced when 0.40 mole of Ca (0H), is consumed is: 


Consider the reaction: 2H, + 0, ——_} 2H.,0 


The mass of water in grams produced when 3.00 moles of oxygen react is: 


ae (2.00 Ce 06 
be 56..0 d. 204 


Consider the following reaction: 2H., + 0, —)- 2H_,0 


A reaction vessel contains 8 g of H, and 8 g of 0,- The FALSE 
statement is: 


Beto ¢ of H0 anew produced. cz 7 g20t H, will be unreacted 


b. H, zs in excess d. 9 g of products are formed 


When 32 g of methane, CH,, burns, water and carbon dioxide are pro- 
duced. Based on this information the FALSE statement is: 


4.0 mol of water are produced 
88 g of carbon dioxide are produced 


64 g of oxygen are consumed 
The mass of the reactants equals the mass of the products 


adap 


If you predict that 0.250 mol of sodium carbonate (washing soda) 
(molar mass = 106 g) should be used in a chemical reaction, then the 


mass of sodium carbonate in grams used should be: 


a. 0.00236 Ce gLus 
26,5 d. 424 
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CHEM 10 [CPT (4)] 
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Sulfur dioxide gas escaping from a natural gas well may react with 
water to produce an acid which damages the environment. 
SO, + HOH ———p 
2 as (aq) 


The mass of sulfur dioxide in grams required to produce 0.50 mol of 
feov. molecules is: 


mei 
oy 0.50 cular 
Die - 32 di 64 


Given the equation 2Na + Cl, —» 2NaCl, the number of moles of 
chlorine gas that react with 0.5 moles of sodium would be: 

ae 0.25 Cay hcQ 

ne *0 50 Ge 250 

Consider the reaction: 2Cs + 2HOH ——¥» H, +. 2CS0H 
The TRUE statement about the reaction is: 

gee ce0L-Cs will reactsywith.2.¢ HOH 

Bee molesof €s will produce 1 g of H, 


feeu2 ee Of HOH will produce 2 molesof ,Cs0H 
d. 2 Moles of HOH will produce 1 mole of A, 


Decomposing 64 g of hydrogen iodide (molar mass = 128 g) into eS 
elements will produce how many moles of hydrogen gas? 


Consider the reaction: 4H, + Cl. ——p 2HCl 


A reaction vessel contains 71 g of H, and) 717g 08 Cl,. The FALSE 
statement about the reaction is: 


a 142 © of HCl are produced c. 69 g of H, will be unreacted 


Deen in is in excess d. 73 g of products are formed 
; 2 
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Class 


CHEMISTRY 10 {CPT (4)] 


GRAVIMETRIC STOICHIOMETRY 


SECTION II 


This section consists of 3 questions. Be sure to show all your work and 
calculations in the space provided under each question. 


Question ] 


+ ° if 
For the reaction: NAH, + 2H, 0, a a No + 4H.0 


Calculate the number of moles of water formed when 0.10 moles of NOH, are 
reacted. 


Bevestion= 2 


Determine the number of grams of carbon produced from the complete decompo- 
Sition of 176 g of carbon dioxide. 
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ven that: P 5 
ee yt 20, ——> P65 


A. Calculate how many moles would react completely with 1 mole of 0,- 


would react completely with 1 mole of 0,? 


2 


8. How many grams of Py 
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GENERAL DIRECTIONS 


DIRECTIONS: Fill in the information required on the answer sheet. 
Read each item and decide which of the alternatives BEST completes 
the statement, or answers the question. Locate that question 
number on the answer sheet and fill in the space that corresponds 


to the alternative that you have chosen, 


Mark your answers according to the instructions 


Use ordinary HB pencils only. 


Mark ONLY ONE answer for each item. If you wish to change an 
answer, be sure your original choice has been completely erased. 


Do NOT put any marks on this test booklet. 
Do NOT bend or fold the answer sheet. 


Return BOOKLET and ANSWER SHEET at the end of the period. 
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1, The alkali metals generally have one electron more than the ane 


A. halogens 

B. inert gases 

C. alkali earths 

D. transition elements 


Several tests were performed upon an element to determine its chemical and physical 
properties. The following properties were identified: 
i” It fractured upon being hammered. 
2 It was a conductor of electricity. 
a It reacted with oxygen to form a compound that is gaseous at room 
eemperature. 


Zune element in question is most likely 


A. a group IIA element 
B. sulfur 

C. carbon 

D. a halogen 


Questions 3 and 4 deal with the identification and characteristics of three elements, 
X, Y and Z. The elements have SUCCESSIVE atomic numbers, ie. each atomic number 
increases by one in the order given. Element Y is an inert gas. 


3. The group of the periodic table in which you would expect to find element X is 


A. IA 
B. IIA 
C. VIIA 
D. ViLTA 


4, Which of the following statements concerning elements X, Y and Z is true? 


A. Elements X, Y and Z could be in the same chemical family of the 


periodic table. . : 
B. Elements X, Y and Z could be in the same horizontal row (period) o 


the periodic table. F ‘ tise 
on Paements X, Y and’Z could be those elements with atomic numbers ; 


and 19 respectively. : ; 
D. Both elements X and Z could tend to readily bond with element Y. 


EG eieer for Cl. 1A the shove equabion. wien 34 is SS 


5. An ion that is most likely from group TAs 


A, wt 
me xt2 
a 
D 772 


| e 


6. BA true statement about atoms is that 


A. most of the volume of an atom is occupied by the nucleus. 


B. the nucleus contains protons only. 
C. most of the mass of an atom is centere 
D. all atoms are the same size. 


d in the nucleus. 
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The description - very dense, good conductor 
temperature - would fit the element 


A. lead 

B. mercury 
C's iodine 
D. aluminum 


» Shiny surface, liquid at room 


A member of the halogen family is the element 


A. bromine 

Des zenon 

C. franciun 
D. lithium 


Which of the following statements about a.chemical reaction is FALSE? 


A. Atoms or ions are rearranged to produce new substances. 
B. Energy is either released or absorbed. 
C. Mass is conserved. 


dD. New atoms are created. 


Which of the following would’NOT. necessarily indicate a chemical reaction? 


A. Zn + 2HCl. —> ZnCl, + H2(g) 
B. Color is changed. 

C. Precipitate is formed. 

D 


Ci? 

4.34 g of mercuric oxide decomposes. according to the equation, 

2Hg0 ——> 2Hg + 0., to yield 0.32 g of oxygen-and a mass of mercury. 
The mass of mercury produced is 


ie 4.02-¢ 
4.18 ¢ 
C. 4.66 g 
mo) 8.36 ¢g 
Clo + CiopHig —— C+ _ HCl eee . 
The coefficient for Cl) in the above equation, when it is balanced, is 
Re, el 
B. 5 
Cc. 8 
~~ 16 


; ene 
Which one of the following does NOT represent a chemical reaction? 


A. Chorophyll in green plants manufactures sugar, glucose, 


B. Grapes ferment to produce wine. i 
C. Yeast is used to produce carbon dioxide w : 
D. Heat dclused .to.melt solder when soldering water pipes» 


hen baking bread. 


The mass of product produced by the exact reaction of 6.54 g of zinc metal 


with 3.21 g of sulfur is 
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15. The following chemical reactions were performed and some observations were noted: 


CaClo + ZnC03 —>ZnCl> + CaC03 
HCl + Zn(OH) 2 ——> HOH + ZnClo 


a precipitate forms 


no precipitate forms 


From the above information alone it is evident that the precipitate is 


A. CaClo- 
Dee ZnCO0 3 
= ZnCl>5 
D.  CaC03 


16. Some observations for identifying whether a chemical reaction has occurred are: 
1. formation of a precipitate 
2. formation of «a gas 
3. color change 
4, heat and/or light is released or absorbed 
The observation(s) that indicates that the burning of gasoline in an automobile 
engine is a chemical reaction is(are) 


A 2 and 4 only 


Bs Ou LY 
C. 4 only 
aD. 1 and 3 only 


Use this information to answer questions 17 and 18. 
137 g of Mg(0H)» were reacted according to the equation 


Mg(OH)> + tre HOH + — MgBro 


17. The number of moles of Mg(0H), reacted was 


A. 54. mol 


Be 255i mol 
Cs 3, 52,.mol 
D. LY | mol 


18. The mass of water produced when 437 g of MgBro is produced is 


A. 5554 g 
B. 85.7 g 
C ro. 2 
Dd. 169 g 


19. Which one of the following is NOT equivalent to the rest? 


i 6.02 x 10** 0) molecules 

B. 16.0 g of 0» molecules 

C. 1.00 mol of 02 molecules 

D. Avogadro's number of 02 molecules 


20. Some zinc metal reacted with hydrochloric acid in a laboratory experiment. 


initial mass of zinc = 80.0 g 
final mass of zinc = 20.0 8 


The number:of moles of zine that reacted is 


A, 0.306 mol 
B 0.917 mol 
C. 22 mol 
Pe 60.0 #£4mol 
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21. The mass of 0.250 mol of sulfur Steamer 211 
Pw Bde ds g 
B. 257 Cale 
C. Sele 
D. 64.2 ¢ 


22. To the correct number of significant digits 0.12 is equal to 


A. 100 m1 
B. 1 x 102 ml 
Ge 1200 x.102 mi 
D. 10 ml 


23. An INCORRECT balancing technique is 


A. always zero a balance before use 

Bi’ adjust the smallest beam weight first 
C. never weigh very hot or cold objects 

D. always weigh chemicals in a container 


24. A student is to weigh out 0.200 mol of copper powder on a centigram balance. 
He is weighing into a beaker which has a mass of 156.73 g. He should set his 
balance to read 


A. 169.43 g 
Pe. 12.70 ¢ 
Om 68.50 ¢ 
De 144.03 ¢g 


2x Mg + H3P04 (gy Ho + Mg3 (P04) 2 


The number of:moles of magnesium metal required to react with 0.900 mol of 
phosphoric acid, eee ee ay in a single replacement reaction is 


A. 0.300 mol 
B. 0.600 mol 
OF 0.900 mol 
D. 123) .mol 


26. 2.57 g of Sg are reacted according to.the equation, ._._5e +2200) 


The mass of SO» produced is 


A. 0.641 g 
B. Zap. g 
o. Sous ¢& 
D. /2/0 & 


ci. An acid spill or burn should be neutralized ces Hig with baking soda. 
Bee (aq) + 2NaHCO,; ——> 2HOH + 2C02 + Na2s0y 


The mass of sodium bicarbonate required .to neutralize 0.0200 mol of 


Sulfuric acid is 


A. 0.840 g 
3. L.69 2 
C. 790° 2 
Dd. 3.30 ¢ 
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28. Slaked lime, Ca(0H)2, reacts with trisodium phosphate or TSP (the commercial 
name or Na3P04) to produce rock phosphorus and lye. 
es Ca(OH) 9 ap _Na3P0, ——— > Ca3(P0,)> et NaOH 


The number of moles of trisodium phosphate required to produce 48% of sodium 
hydroxide is ee 


A. 0.40 mol 
B. 0.60 mol 
G. t. 225mod 
Dd. 8. 600mo1, 


Use the following information to answer questions 29 and 30. 
You have 4 test tubes placed in front of you.. Each test tube contains 2.34 g 
of NaCl dissolved in water. Pb(N03)2 was added to each test tube to precipitate 
PbCl» according to the following table. 


test tube 1 0.0100 mol Pb(N03)5 added 
test tube 2 60,0200. © a i 
test tube 3 0.04007, = , ok 
test tube 4 0.0800 “ 


29. An exact reaction occurs in test tube number 


A. a. 
B. Z 
C. 5 
D. 4 


30. The number of moles of precipitate produced.in test tube 4 is 


A. 0.0100 mol 
B. 0.0200 mol 
CG. 0.0400 mol 
D. 0.0800 mol 
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32. 


33. 


34. 


2). 


36. 


a7. 


Which one of the following has the greatest mass? 


A. 3.01 x 1023 molecules of nitrogen dioxide, NO» 
B: 2.00 mol of carbon monoxide, CO 

co 40.0 ‘¢ of godium hydroxide, NaOH 

D. G02 x 10 atoms of zinc, Zn 


The number of moles in 20.3 g of iron (III) chloride, FeCla) 16 


A. 0.125 mol 
B. 0.500 mol 
Gu 4.00 mol 
D. 8.00 mol 


If 0.250 mol of iron are required for an experiment, then the mass of 
iron required is . 


B 1.40" ¢ 
C. 1450) 2 o 
De Deo -« g 


The compound M5X3 has a molar mass of 160 grams per mole. If element X is 
oxygen, then element M is most likely 


A. AL 
Bis Ga 
Ge Fe 
Dy Ni 


Which of the following represents the type of reading obtained from a 
centigram balance? 


A 14.0. 2 
B. 124 g 
C. i es a 3 
D 0.946 g 


Which one of the following units does NOT belong with the others? 


A. mole 


Bi dozen 
om gram 
LD: pair 


If Avogadro's number was 3.01 x 1073, then the molar mass of oxygen atoms 


would be 


1 4.00 g/mol 
B. 8.00 g/mol 
C 16.0 g/mol 
me. o2.0 ¢/mol 
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» to form hydrogen gas, 
ECD esi react, “the 


38. Aluminum, Al, reacts with hydrochloric acids HG 
Hg, and aluminum chloride, AlCizse If 5.0 mol 
number of moles of hydrogen gas produced is 


A. 2.0 mol 
Be 3.0 mol 
G. 5.0 mol 
Le 7.5 mol 


39. In a chemical reaction, potassium metal reacts with chlorine gas to produce 
potassium.chloride, KCl. 


The mass of potassium, K, required.to react with 0.60-mol of chlorine, Clo,is 


A. Zoe. 
B. 43 ¢g 
se 47 g 
D. 94 g 


40. Mortar may react with hydrochloric (muriatic) acid by the following reaction: 
Ca(OH)5 +. Oe ea) ——> HOH + CaClo 


The mass of calcium hydroxide required to react with 0.800 mol of hydrochloric 


acid is 

A. 0.400 g 
B. 26.4 @g 
C. 29.6 g 
D. 119 g 


et. 7.81 g of Na»S is reacted with A1P0, according to the following unbalanced 
chemical equation: - A1PO, + =~ NagS ——-3 -AloS3 + Na3P0, 


The number of moles of AlP0O, required for.a-complete reaction is 


Bue 0.0667 mol 
B. 0.100 mol 
C. 0.150 . mol 
Di 0.206 mol 


Use the following data to answer questions 42 and uy 3. 

The following. balanced.equation represents a-chemical-reaction observed in a lab. 
Cu + 2AgCH3C00 2Ag + Cu(CH3C00) 2 

The data collected was 


initial mass Of Cu .2.ccececeseccvvesseccscec nies teary (Ome 
final mass of Cu ..cereeeees i es te eee oer a g 
mass of filter paper ...-- S wie tN ie Geis avereig ote) stereretain arene ; g 
Maes Of tilter paper plus SilVer. 6+. sscsecicise esis cms a g 
mass Of beaker ..eeeeeeesesrsrreres Spb ie elsieleietevenetecene G7 24 2 
mass of beaker plus Cu(CHgC00)2 --++sseererseeseees 98.89 ¢ 


42. A FALSE statement concerning the above reaction is 


A. All of the silver acetate reacts. ine. 
Cupric oxide should be removed from.the copper wire before beginning. 


color. 
is in the filtrate; 


B 
-C. . The final solution is clear blue in 
D. When filtering the products, silver 


43. The number of moles of copper reacted is 


A. 0.010 mol 
B, 0.018 mol 
Cs 0.028 mol 
D. 0.045 mol 
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46. 


47. 
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2ES 


Chemical bonding in which it is assumed that. electrons are "' 


transferred" 
from one atom to another is termed 


A. covalent 


B ionic 
Gh. molecular 
D. binary 


The correct name for Pb3(P0,)> would be 


A trilead diphosphate 

B plumbic phosphate 

G:. lead (IL) phosphate 

D lead (IIL) phosphate 


A sample of iron (II) carbonate that contains 4,000 iron (II). ions must also 
contain how many oxygen atoms? 


A. 2,000 
B. 4,000 
C. 8,000 
Dy 12,000 


The element which naturally exists as diatomic molecules is 


A. bromine 

B. phosphorus 
C. carbon 

D. gold 


The common name for carbon tetrahydride is 


A. methane 

B. ammonia 

C. carbon hydride 
D. carbonic acid 


The most typically molecular compound represented below is 


A. Srs 
Bi. Mg2No 
Cen. .Zn0 
D OF» 


The complete combustion of a hydrocarbon yields 


A. carbon and hydrogen 

B. carbon and water vapor 

C. carbon monoxide and water vapor 
Dd. carbon dioxide and water vapor 


king water was made possible by 


our drin 
The chlorine used to purity y liquid sodium and gaseous chlorine. 


electrolyzing molten NaCl to produce. 
The balanced equation for this reaction is 


A. 2NaCl ——> 2Na + Clo 
B. NaCl ——>Na + Cl 

C. 2NaCl ——> Nap + Clz 
D. NaCl ——> Nat + C17 
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216 
Which of the following is an example of a Single replacement reaction? 


A. NaOH + HCl ——» NaCl + HOH 
B. Stiet—FeSO, —— > Fe + SnSOy 
Ge 2NO5 —_—> No - 205 

eH, + 15° Str 


Potassium hydroxide and barium chloride react to produce barium hydroxide and 
potassium chloride. The balanced equation for this reaction is 


Pee KOH-+-BaCl >.>. Ba(0H).»+-KCl _- 
Ge KOH + BaoCl —_—> Bay (OH) 5 re 
Boe 2K0H|+.BaCl, __s Ba(0H).. + 2KCL 


Sulfuric acid + aluminum hydroxide —— water + aluminum sulfate 
The balanced equation for the above word equation has coefficients of 


A. tees > oe 

1+2—334+1 
c. 3 +2 —3>3+1 
Di: 34+42—>6+1 


Which of the following statements is FALSE concerning tests used to distinguish 
among ammonia, hydrogen, carbon dioxide, and oxygen gases? 


A. Ammonia gas can be identified by its odour. 
oe Hydrogen gas can be identified by lighting it. 
C. Carbon dioxide gas can be identified by condensing it on the side of 
a cold beaker of water. 
D. Oxygen gas can be identified by inserting-a glowing splint into the gas. 


The correct name for the compound SnCly is 


A. tin dichloride 

B. tin(II) chloride 

Crs stannous (II) chloride 
Ds Stannic chloride 


Use the following information to answer questions 57 and 58. 


yt. 


Bo. 


Potassium, calcium, oxygen and fluorine were placed in an evacuated container 
which was then sealed. Chemical reactions were initiated and observed to have 
occurred, 


The correct formula and corresponding correct name of .a-possible ionic compound 


that may have formed is 


As KF - potassium fluoride 
B. Ca,0 —- calcium oxide 

C. OF) —- oxygen difluoride 
D. K20 - dipotassium oxide 


The correct formula and corresponding correct name of a possible molecular 


compound that may have formed is 


A. K20 - potassium oxide 
B. CaO -~ calcium oxide 

C. OF2 - oxygen difluoride 
D. CaF. - calcium fluoride 
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The following table gives some of the characteristics of three different 
compounds designated A, B, and C. 


Crystalline 
Nature 


Compound | Phase at 
Room .Temp. 
Substance 


2 Ee es ee 


as Low nonconductor | nonconductor 
6 solubility : 


The most likely ionic compound(s) is/are 


Solubility 
in H>0 


Electrical 
Conductivity 
of Aquecus 
Solution 


Electrical 
Conductivity 
of Pure 


hs A 
B. B 
C. C 


D; both A and B 


An element X combines with another element Y to.form an ionic compound. If 
X atoms lose 2 electrons each, and Y atoms gain 1 electron each, the ratio 
of X ions to Y ions in the compound is 


ve OES 2 
Bi 2, €o 0 
Cy ATE O “2 
Di 2 to 1 
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TABLE XX 


Test Scores for the Main Study Sample 


N=168 
memsex GPT GPT CAT: CPT 
— A B l 
1 F 25 26 ig) 11 
y F 23 20 du 8 
3 F 19 22 18 16 
4 M 21 Ls 18 8 
5 F 19 16 19 16 
6 F 22 21 20 14 
7 F 22 19 20 11 
8 F 25 79) 20 10 
9 F 18 21 2 17 
10 M 20 2) Zi i 
11 M 28 24 OY, 13 
y F 24 20 22 15 
13 M 17 15 22 10 
14 F 22 24 22 16 
15 F 23 22 23 10 
16 M 19 pe 23 10 
7 F 14 ID 23 14 
18 M 21 13 24 14 
19 F 26 23 24 10 
20 F 25 18 24 7 
21. F hg 11 24 8 
22 F 13 19 25 13 
23 F 19 24 25 13 
24 M 19 18 25 te 
25 M 26 21 25 ig 
26 F oy) 19 25 15 
27 M pis) 21 25 14 
28 M 19 iy 25 17 
29 M 25 25 26 9 
30 M 23 om 27 10 
31 F 22 23 oe 9 
32 M 19 22 2¢ LZ 
33 M 21 21 27 15 
34 F 21 15 2, 15 
35 M 25 19 | 8 
36 F 23 22 ay] 16 
37 M 24 Ls 28 14 
38 M 24 20 28 12 
59 M 21 20 28 13 
40 M 22 24 29 15 
4] M 28 23 29 15 
2 M 26 22 29 9 
43 F 20 19 29 17 
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TABLE XX (Continued) 


CGAY @ar (CRT CPT CPT’ .cPd® Gap) mapa ene LP BT 
1 a 3 4 T 


38 Py, 14 15 10 56 il 1 0 1 Fl 
38 21 17 11 6 55 1 1 0 1 Fl 
38 1) 12 17 3 44 1 i 0 1 Fl 
38 15 12 9 9 45 0 1 0 0 ey 
38 10 11 12 5 38 1 0 1 0 T 
38 20 13 14 13 60 1 1 1 0 Fl 
39 13 13 10 8 44 i 0 0 1 ay 
39 19 14 16 10 59 1 0 0 i 7 
39 14 14 15 12 55 1 0 0 ‘ T 
39 16 13 9 8 46 0 0 1 0 C 
40 22 15 13 9 59 0 1 0 0 C 
40 17 12 16 9 54 1 1 1 it F2 
40 18 1, 9 9 48 0 0 0 0 C 
40 13 2 14 4 43 0 0 0 1 C 
41 13 14 14 14 55 0 1 1 0 T 
4] 17 i seh 13 53 0 1 0 0 G 
42 vA 12 12 1] 56 1 1 ; 0 Fl 
42 Al 15 13 13 62 1 1 0 1 Fl 
42 14 13 16 14 57 1 i 1 1 F2 
42 19 13 15 fal 58 0 0 0 0 t 
42 10 15 9 7 4l 0 0 1 i “} 
42 is 14 iW 9 52 1 1 1 0 Fj 
43 15 8 18 9 50 i 7 0 1 Fl 
43 15 14 16 8 53 1 0 0 1 T 
43 19 13 17 13 72 il 1 1 l F2 
43 14 10 8 8 40 0 0 0 0 G 
43 15 12 14 10 51 1 1 ct 0 Fl 
44 19 15 15 11 60 1 1 1 0 Fl 
44 19 14 styl 13 63 i 1 0 0 a 
44 23 k6 k7 6 62 Z 1 1 1 F2 
44 14 15 16 11 56 iL 1 1 1 F2 
44 14 14 14 11 53 1 1 | 0 Fl 
45 17 12 13 6 48 i 0 1 il Fl 
4S 12 13 15 10 50 1 0 0 0 i 
4S os 15 18 11 65 1 1 1 0 Fl 
45 4 14 18 15 68 0 i 0 1 T 
45 20 14 20 15 79 0 1 1 1 Fl 
45 22 18 17 iB 70 i 1 0 1 Fl 
46 19 13 18 11 61 1 1 1 1 F2 
46 18 15 14 13 60 1 1 0 0 T 
91 15 15 9 60 1 1 1 i F2 
oe 11 63 1 1 1 1 F2 
46 17 17 18 
46 20 19 16 11 66 1 1 1 1 F2 
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APPENDIX F 


LEGEND 


X refers to dummy items 

C refers to conversion type items 

R refers to ratio type items 

D refers to direct proportionality type items 

I refers to indirect proportionality type items 
V.R. refers to verbal reasoning type items 
V.A refers to verbal analogy type items 
Difficulty Index refers to the percentage of students 


selecting the correct response. 
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APPENDIX F 


TABLE XXI 
Test Statistics of the GPT (Form A) 
Test Mean = 23.9 
Test Variance = 16,2 


KR-20 Reliability = 0.69 


Item Keyed Difficulty Biserial 
2 Type Answer Index Correlation 
] oe C : 46 eh 
2 X B 85 .45 
5 X A 88 BA 
4 C A 86 .39 
5 C B 85 a5 
6 R D a as) 
i R C 78 nie 
8 D B .69 -O4 
9 D B 78 ~55 
10 D A 83 ye 
ll D ie 85 Jao 
1 I B 88 .64 
13 I B 81 195 
14 I A Zn 34 
15 D+I B 47 id 
87 .64 
16 V.R B 
17 V.R A 93 .65 
18 V.R C OS 72 
20 V.R B 45 4 
78 a4), 
21 aN D 
23 VioOA A a = 
24 V.A C a4 ae 
25 V.A B WA Be 
26 V.A G 16 33 
27 V.A Cc OZ “ae 
28 V.A B 82 39 
69 . 
S Veo ie 161 
30 V.A C Sl 
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TABLE XXILL 
Test Statistics of the GPT (Form B) 
Test Mean = 22.2 
Test Variance = 17.5 


KR-20 Reliability = 0.74 


Item Type Keyed Datfucni ty Biserial 
‘Number Answer Index Correlation 


1 X B 72 10 
2 X B 88 21 
3 x A 87 14 
4 C D 98 14 
5 C A 95 35 
6 R A 79 3t 
7 R A 67 45 
8 D B .90 28 
9 D B .66 55 
10 D D 54 37 
14 I B OZ 24 
15 D+I D 44 — 
16 V.R B 90 oe 
17 V.R A 96 ms 
18 V.R C 92 a 
19 V.R B 83 ies 
20 V.R B 65 ee 
21 V.A D 72 oe 
22 V.A D 63 eo 
23 V.A B 54 a 
24 V.A A 14 = 
25 V.A B se ee 
26 V.A D _ 
27 V.A Cc Be 2 
28 V.A B at a 
29 VA B a) ae 
30 VA. G mS ae 
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APPENDIX F 
TABLE XXIII 
Test votetisties of the CPT. (1) 
Test Mean = 15.2 
Test Variance = 16.6 


KR-20 Reliability = 0.70 


Item Proportionality Keyed Difficulty Biserial 
ue ype Aswer Index ore daingn 
1 C D Th “56 
Z X ¢ 34 .44 
3 R C 85 ~ol 
4 R D 67 245 
5 R C 58 42 
6 X B 72 20 
i R A 42 28 
8 xX G 44 .46 
4) P g 36 60 
10 X B 56 hy 
10 R c 79 2 
De R A 91 43 
13 R C 64 .63 
14 R C 58 02 
15 R A 65 .76 
16 R D 82 -41 
17 X B 75 .66 
18 R B 86 “70 
19 P C .60 »6/ 
20 P A 4 Ov 
“ail X B 79 -70 
22 X Cc 84 a 
24 X D 61 34 
25 X ie 40 -36 


C=Conversion, R=Ratio, P=proportionality, X=not applicable 
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APPENDIX F 
TABLE XXIV 
Test (Statistics of the CPT (2) 
Tést Mean - 12:4 
Test Variance = 9.8 


KR-29 Reliability = 0.61 


Item Proportionality Keyed Diffiveul ty Biserial 
Number Type Answer Index Correlation 
i R B 02 .47 
z X D 81 65 
3 R A 70 «DD 
4 C B 82 i |) 
5 P C 2] 38 
6 R A 88 .48 
7 2 A "SS G2 
D 37 44 
: : D 94 14 
10 X B 56 50 
11 X A 29 58 
t2 R C 70 mo 
13 R D 47 44 
14 X D 81 65 
15 R €C 56 42 
16 X fe 67 Ra 
18 X € 39 ae 
19 X D 46 . 48 
20 R B 52 .44 


C=Conversion, R=Ratio, P=Proportionality, X=not applicable 
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APPENDIX F 
TABLE XXV 
Test Statistics of the CPT (3) 
Test. Mean = 12.7 
Test Variance = 18.6 


KR-20 Reliability = 0.77 


Item Proportionality Keyed DLE cul ty, Biserial 
Number Type Answer Index ‘ Correlation 
] cS & .66 | 
Z Cc A 85 oe) 
5 R A 65 «65 
4 P B 67 .69 
5 C D 61 .56 
6 P D 46 <4 
7 X D . 86 «99 
8 c B 7 £76 
9 X D 55 .54 
10 P & 69 JOH 
i C D 62 .54 
£2 P A 80 66 
15 P A 34 $511 
14 C B 76 a5 
LS C D 61 158 
16 R C 72 .69 
47 s6 
18 R D 
19 c D 61 »69 
20 P A ihe .74 


C=Conversion, R=Ratio, P=Proportionality, X=not applicable 
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Item Proportionality Keyed Difficulty 
Number Type Answer Index 
1 P B Oo 
2 R B 70 
3 P D .56 
4 R B . 66 
3 R D me 
6 R D rod 
7 C C ET} 

8 P A 34 
9 Pp & “20 
10 c B aes 
11 P B 502 
12 R A V5 
13 R D .69 
14 Pp A Sean 
15 P A .34 


C = Conversion 


APPENDIX F 
TABLE XXVL 
Test) Statistics of the CPT (4) 
Test Mean = 9.1 
Test Variance = 10.3 


KR-20 Reliability = .70 


R=Ratio, p=Proportionality 
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APPENDIX F 


TABLE XXVLII 
HeSt. Statistics of the GAT 
Test Mean = 36.7 
Test Variance = 98.0 


KR-20 Reliability 07 


Htem Keyed Difficulty Biserial tem Keyedy Disficulvy Biserial 


' Answer Index Correlation Answer Index Correlation 
1 B 55 47 31 D SS .40 
2 c 38 .30 5 A 824. .63 
3 c 74 48 33 C .79 58 
4 C 69 59 34 9 66 34 
5 A 91 .44 35 C 61 2 
6 Eg 74 229 36 C 46 46 
i B 95 ae 37 B 71 235 
8 A 85 54 38 D 58 .67 
9 D 67 .65 39 C 60 55 
10 D 82 35 AO C 61 57 
11 A 90 .49 Al A A7 61 
12 C 94 61 42 D 18 24 
tS D 65 -82 43 A 55 .65 
14 C 89 <a 44 B 62 .53 
15 D 78 .39 4S C 63 36 
16 A 82 62 46 D 44 oy 
17 B 76 ey 47 A 63 . 66 
18 B 48 45 48 A 76 46 
19 B 70 36 49 D 35 93 
20 B 61 .69 50 D 85 62 
21 D we <o7 51 A 78 .69 
22 B 39 43 52 B 78 .76 
23 B 78 98. 53 D 70 -46 
24 A 70 58 54 D = ee 
25 D 66 .61 aa C 54 32 
26 C 63 .39 56 B 65 A2 
27 D 57 a 57 A 60 32 
28 A 49 8 58 c 45 Dg 
30 B 16 .40 60 é 46 1 
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FOREWORD 


The materials contained in this package were written to meet the 
needs of students in Alberta where a large majority of students take 
chemistry in high school. An attempt has been made to keep a high level 
of chemistry content and yet to make the chemistry easier to learn. The 
latter is achieved by providing single concept labs, experience oriented 
labs, demonstrations written into the materials, worksheets for drill, 
and film notes. A reinforcing sequence is employed where what may not be 
mastered in the previous unit will be practiced again when learning new 
material in subsequent units. 


The authors attempted to eliminate dead-end chemistry topics which 
were not necessary to the learning of subsequent topics, and which did 
not allow for applications of the theoretical chemistry to everyday life. 
Practical chemistry and rigorous, theoretical chemistry can be made very 
compatible with one another and need not be mutually exclusive. The 
authors feel that they have only made a small, first attempt at integrating 
practical (everyday) and rigorous (theoretical) chemistry and that yearly 
revisions will improve the materials in this regard. Any suggestions from 
students and teachers as to how more practical, everyday chemistry could 
be integrated into the materials would be appreciated. 
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The materials contained in this course have evolved as a result of 
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extent the Edmonton Separate School Board. 


The authors are indebted for the assistance and encouragement 
provided by the University of Alberta Departments of Chemistry and _ : 
Secondary Education. Since the authors wanted to write materials whic 
met the needs of Alberta students and classroom teachers, the feedback 
from the students and teachers has led to, and will continue to lead to, 
considerable revision of the materials. One of the fundamental precepts 
established for this local curriculum materials project was that classroom 
teachers are the experts in terms of what materials are needed v ccrape rt: 
instruction. Fortunately, the authors have been supported by t : niversity 
and the School Roards in regard to the writing of be aa mel ae 
teachers, and in regard to integrating everyday and theoretical chem v. 
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PERIODIC TABLE OF THE ELEME:JTS 


VIA VIIA 


Atomic 
N 
lumber Molar mass (g/mol), 
NOTES: 
' aeties 1. Black—solid. 
Melting point(°C) Electronegativity Red—goas. 
] Slant — liquid, 
: 1.Q) Outline — synthetically prepored. 
Boiling point (°C) ; Bit 2.Based upon carbon-12. () indicates most stable 


or best known isotope. 

3.Values for gaseous elements are for liquids at 
the boiling point. 

4Boiling point at 28 atmospheres. 

*Bragg- Slater atomic radii in nanometers. 


- Atomic radii(nm)* 
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Density (g/cm?), 
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“3 . ALCHEM PERIODIC TABLE OF IONS 


TABLE OF COMPLEX IONS 


acetate — CH3COO- chlorate CIO3- NO37~ sulfite $0377 
+ 
H ammonium NH,* perchlorate ClO4~ NO,- hydrogensulfite HSO3 — 
Didesaes | IA benzocte CgHsCOO- chlorite ClOz- permanganate MnO,~ bisulfite 


hydride 


borote BO33- hypochlorite ClO- or OCI~ phosphate EQ.3= thiosulfate $2037 
tetraborate B4sO7?- chromate Cro,’ rs hydrogenphosphate HPQ,?- hydrogensulfide HS~- 
bromate BrO37 dichromate Cr9O7 a= dihydrogenphosphate HyPO,4> bisulfide 

carbonate C0377 cyanide CN- silicate SiO3?- 


hydrogencarbonate HCO3~ glutamate CsHgNO,- sulfate SO,? = 
bicarbonate 


Be?’ 


12 
Mg” 


Li’ 


lithium 


F z 
fluoride 


17 


nitride neon 


hydroxide OH- hydrogensulfate HSO,- 


iodate ! 


Es bisulfate 
O35 
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Shaded area 
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element does 
not form ionic 
compounds. 
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CHEMISTRY 10 
THE MOLE CONCEPT 


Name: 
hp | eel 2 


THE MOLE AND ATOMIC WEIGHT 


Atoms or molecules are extremely small particles and any workable sample 
of a substance involves many millions of these particles. The extreme 
smallness of atoms and molecules will appear evident from the following 
analog. Suppose that all the people on the earth were assigned the task 
of counting the molecules in a tablespoon of water at the rate of one 
molecule per second. Under. these conditions approximately 8 million 
years would be required to complete the job. As impractical as this may 
seem, it does convey the idea that the number of atoms or molecules 
involved in any workable sample of a substance is so large that it 
Staggers the imagination. 


Fortunately, you will not be faced with the problem of weighing out 
individual atoms of an element or individual molecules of a compound. 
However, you will need to weigh out large numbers of atoms or molecules 
of different substances. Familiarity with the definitions relating to 
atomic weight permits this to be done quite simply. The Following: 
quantitative definitions will help your understanding of atomic weights. 


1. The atomic weight (atomic mass) of an atom is the weight (mass ) 
of an atom expressed relative to the carbon-12 isotope which 
is assigned a weight (mass) exactly equal to 12. 


2. The Avogadro number, approximately 6.02 x 1023 is the number 
of carbon-12 atoms in the defined quantity of exactly 12 grams 


of carbon-12. 


3. A mole of a substance is the amount of substance containing the 


Avogadro number of any kind of chemical unit (atom, molecule, 


formula unit). 


tomi i is the mass 
4. The MOLAR MASS (gram-atomic weight) of the element is t 
in grams of one mae of naturally occurring atoms of an element. 


, ” be 
NOTE: For purposes of this course the word "molar mass” can 
; Lap eh ae Oe inctat weight on atomic werght expressed 


in the units grams per moke. 


From the preceding definitions, it is evident that to weigh a ae bs 
of carbon atoms, you must take one molar mass of carbon, 12.0 g. ioe sls - 
ing out one mole of hydrogen see Seen oe yeh 5 ener ae 

: ontains an equal number ; + 
oe ea ies which are in the ratio of 12:1 (the ae pies: 
atomic weights) must have the same number of atoms. EY ues fe A ng 
6.00 g of carbon contains one-half as many atoms as 1.01 g of hydrog 


24.0 g of carbon contains twice as many atoms as 1.01 of hydrogen. 
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CHEMISTRY 10 


It should be recognized that not only does the symbol for the element stand 
for one atom of that element, but in quantitative relationships, it stands 
for one mole of atoms of that element. 


B. THE MOLE AND MOLECULAR WEIGHT AND/OR FORMULA WEIGHT 


The concept of a mole of atoms of an element can be extended to a mole of 
molecules or formula units. One mole of 05 molecules will contain two moles 
of 0 atoms. Since two moles of 0 atoms has a mass of 2 mol x 16.0 g/mol or 
32.0 g, a mole of 05 molecules must have the same mass, 32.0 g, which is the 
molar mass Gea aoteeula: weight) of 0,. One mole of H50 molecules contains 
two moles of H atoms and one mole of 0 Stoms. Two moles of H atoms has a 
mass of 2.02 g; one mole of 0 atoms has a mass of 16.0 g. Thus, by addition, 
One mole of H50 molecules (molar mass of H50) must have a mass of 18.0 g. In 
the same way, it can be shown that the molar mass of methane, CHy, is 16.0 g. 
The concept of the mole may also be extended to include those substances 
which do not exist as molecules, i.e., ionic compounds. Thus the molar mass 
(gram-formula weight) of sodium chloride, 58.5 g of NaCl, is one mole of 

this compound. 


It should be apparent to you that a formula may represent one mole of molecules 
Or one mole of formula units as well as one molecule or formula unit. 


Note: It was indicated earlier that for purposes of tts course, 
molar mass can be used to mean gram-atomee werght or atome 
weight in grams per moLe. Simkariky, molar mass, An grams 
per mole, may be used to represent molecular werght and 
gram-molecular weight or formula weight and gram-formuta 


weight. 
C. AN OVERVIEW 


There are several points regarding the mole concept that should be recognized 
and well remembered. 


1. The quantity of substance containing the Avogadro number, 
Mee nates 6.02-x 1023, of any kind of chemical unit 
(atom, molecule, formula unit) is called a mole of that 
substance. This quantity of substance has a definite 
weight, which will be called the molar mass of this 


Substance. 


2. The mole is a defined quantity. 
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CHEMISTRY 10 


Name: 


THE MOLE CONCEPT 


Molar Mass 
(atomic weight expressed in grams/mole) 


The mass of one mole of atoms 


g of C atoms 
g of H atoms 
g of 0 atoms 
g 
g 


of S atoms 
of Fe atoms 


Molar Mass 
(molecular weight expressed in grams/mole) 


The mass of one mole of molecules 


2.02 g of Ho molecules 
32.0 g of 05 molecules 
1120. gif ieneieeies 
18.0 g of H50 molecules 
VW 30,4 0.0% cA, molecules 


Avogadro number 
of particl¢s, 
6-02 x 10 


Molar Mass 
(formula weight expressed in grams/mole) 


! 
f 
‘ 
| 
! 
' 


The mass BEOne mole of formula units 


58.5 g NaCl 
100 =g CaCO 
303 g PbS04 
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CHEMISTRY 10 mi 


MASS-MOLE RELATIONSHIP 


h. Mass-Mole Relationship | 
one dozen = 12 objects 

Compare 
12 erasers at 10.0 g each 


12 pencils at 5.00 g each 
12 dimes at 2.50 g each 


120 g 
60.0 g 
30.0 g 


The mass of the packages are different because the mass of each kind 

of object is different. However, the ratios between the masses of the 
packages, 120 g; 60.0 g; 30.0 g, are the same as the ratios between the 
masses of the individual objects, 10.0 g; 5.00 g; 2.50 g since each 
package contains the same number of objects. 


25 one mole = 6.02 x 1023 particles 
(to three significant digits) 
Compare 
6.02 x 1029 helium atoms = 4,00 g 


6.02-x 1028 hydrogen molecules = 2.02 g 
6.02 x 102° water molecules =18.0 g 
6.02 x 1023 NaCl formula units =58.5 g 


The mass of the mole varies just as the mass of the dozen varies. It 
depends upon what the particles are. However, the ratios between the 
Masses of the moles are the same as the ratios between the masses of 
the individual particles since each mole contains the same number of 


particles. 


3. The number of moles of a substance can be readily pedbka rat to 
mass in grams and mass in grams may be readily een a moles. 
either case, the molar mass in grams per mole must be used. 
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CHEMISTRY 10 
CALCULATIONS INVOLVING MEASURED VALUES 


Name: 


Since all measurements involve some uncertainty, the answers which are calculated 
using measured values must show the uncertainty. This uncertainty can be shown 
by writing the calculated answer to the correct number of significant digits. 

Two general ‘rules that, in ali instances, apply to calculations involving 
measured values are: 


1. a "known" digit combined with an uncertain digit 
(by addition, subtraction, multiplication or 
division) —————» an uncertain digit. 


2. any measured value or any calculation using measured values 
when expressed to the correct number of significant digits 
includes only one uncertain digit. 


exme rnd sare 


The above general rules as applied to some specific mathematical operations 
follow. 


ADDITION AND SUBTRACTION 


Rule: Round-off to the least number of decimal places, then add or subtract. 


Example: 
To add: 12.262) kg (the circled digits are uncertain) 
+ 74449 kg 
Remember: first round-off then calculate 


1253" ‘kg 


+744. k a ae sae 
88 = (expressed to the correct number of significant digits) 
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CHEMISTRY 10 
CALCULATIONS WITH MEASUREMENTS J 


Name: 


Add the following measurements. Express your answer to the correct number 
of significant digits. 


1. 9.75 9 + 3.439 g + 3.275 g 


14.67 m + 3.928 m + 1.0042 m = 
900.0 cm + 14.26 cm + 3.0004 cin = 
G0URS/9°g + 774268 g + 3.3 9g = 
760 km + 42.9 km + 3.79 km = 


Dp wm FP W PFO 


foege+ 30.9 g + 298.3 g = 


Subtract the following measurements. Express your answer to the correct 
number of significant digits. 


1. 47.639 g - 13.627 g 


2. 39 m - 14.880 m 
19.349 ml - 19.33 ml = 
0.149 cm - 0.039 cm = 


Binge 9g - 33.2 9 = a 
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CHEMISTRY 10 
NOLES OF ATONS 


Name: 


How many moles of each kind of atom are there in each of the following samples? 


1. 


9, 


10. 


1.0 mole of 02 gas 

1.0 mole of water HOH 

1.0 mole of sulfur trioxide 
3.0 moles of Nao0 

7.5 moles of Ca(OH), 

4.0 moles of KoCro07 

2.3 moles of HS0, 

9.26 moles of Pb(NO3). 
0.512 moles of acetic acid 


0.0384 moles of magnesium bromate 
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CHEMISTRY 10 
MOLAR MASS 


Name: 


Calculate the molar mass of each of the following substances found in the 
Chemical Reactions Lab in the last unit. The molar mass should be expressed 
to three significant digits with the proper units. 


1. magnesium 11. cobalt(II) chloride 
2. oxygen 12. H,S0, 

3h CosHso 13. sodium hydroxide 

4. CHy 14. iron (III) chloride 
5. HOH 15. NagCr0, 

6. calcium 16. potassium chloride 
7. CuSO, 17. NaNO, 

e. HCl 18. potassium hydroxide 
9. chlorine 19. Bally 


10. sodium iodide | 20. Co(NO3), 
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CHEMISTRY 10 
MOLAR MASS 


Name: 


Calculate the molar mass of each of the following substances to three 


significant digits. 


1. 


14, 


a5. 


Ag 
C05 
SO. 
HoSO, 
chlorine gas 
sodium Seats 
Cal. 

Silver nitrate 

MgO 

HgO 

CoH, 

Cgttig 

aluminum sulfate 
(NHq) 5503 


Sr(N03)>5 


Include the correct unit for each. 
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CHEMISTRY 10 
CALCULATIONS INVOLVING MEASURED VALUES od 


MULTIPLICATION AND DIVISION 


RULE: Round-off the answer to the same number of significant digits as 
the value with the least number of significant digits used in the calculation. 


Example: 13.942 m (uncertain digits are circled) 
2. kg 


Answer expressed to the correct number of significant digits is 28 kgn. 


Additional examples: 


a) 0.025 mole x 12.01 g 0.30 g (expressed to the correct number of 
mole significant digits) 


7.56 x 1072 km (Note that 1000 m per km is a 
defined and exact quantity, 1.e., 
it can be expressed to any number 
of significant digits) 


b) 7.56 m + 1000 m_ 
km 
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CHEMISTRY 10 


DIMENSIONAL (UNIT) ANALYSIS 
(ALSO CALLED THE FACTOR-LABEL METHOD) 


244 


Name: 
The conversion of units is of great importance in chemistry problems. Dimensional 
analysis iS a very useful method to follow for unit conversions. This method 
essentially involves two basis principles: 
1. the existence of equivalence between various units, and 
2. the equivalence between units can be used as a conversion 


factor to convert any number from one set of units to another 
by simple multiplication or division. 


Examples: 
1. One baseball has a mass of 140 g. Find the mass of 20 baseballs. 


mass of 20 baseballs = 20 baseballs x(140 q__) = 2.80 x 103g 
basebal] 


Note: The equivalence, 1 baseball = 140 g was used as the conversion 
factor 140 g to convert baseballs to grams. 
basebal] 
2. Find the number of kg in 243 g of a substance. 


mass = 243 g = 0.243 kg 


1000 g 
kg 
or mass = 243 g x 1 kg = 0.243 kg 
1000 g 


Note: the equivalence, 1 kg = 1000 g, was used as the conversion 
factor to convert g to kg. 
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CHEMISTRY 10 
NASS - MOLE CONVERSIONS o 
Name: 


CONVERTING MASS TO MOLES 
Converting mass to moles can be done by dividing the given mass in 
grams by the molar mass in grams/mole or multiplying the mass in 


grams by the reciprocal of molar mass, mole/gram. Note that the 
conversion is the equivalence between mass in grams and the mole. 


Examples: 
Determine the number of moles in: 


a) 3.40 g of boron, B 


moles of B = 3.40 g = 0.312 mol 
10.8 g/mol 
or 
moles of B = 3.40 g x 1 mole = 0.312 mol 
10.8 g 


Note: The conversion factor is the equivalence, |] mole B = 10.8 g 


b) 90.4 g of CHa 


moles of CH, = 90.4 g = 5.64 mol 
16.0 g/mol 


or 


moles of CHa = 90.4 gx 1mol_ = 5.64 mol 
16.0 g 


Note: The conversion factor is the equivalence, | mole CH, = 16.0 g 


oye25.0°9 of Na,C03 


moles of NaoC03 = 25.0 9 = 0.236 mol 
106 g/mol 
or 
= ] 
02 = 25.0 g x 1 mol 0.236 mo 
moles of Na C03 g 6 ; 


P 4 


Note: The conversion factor is the equivalence, 1 mole NayC03 = 106 g 
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CHEMISTRY 10 


CONVERTING MOLES TO MASS 
Converting moles to mass can be done by multiplying the given number 


of moles by grams/mole. Note that the conversion factor is the 
equivalence between mass in grams and the mole. 


Exampies: 
Determine the mass of 
a) 1.25 moles of S 


8 


mass of Sg = 1.25 mOl x 257. q = 321 9g 
mo} 


Note: The conversion factor is the equivaience, 1 mole Sg = 257 g 


b) 0.168 mole of H0 
mass of H,0 = 0.168 mol x 18.0 g = 3.02 g 
“ mo 


Note: The conversion factor is the equivalence, 1 mole of H50 = 18.0 g 


c) 9.24 moles of Ca(0H)o 
mass of Ca(QH), = 9.24 mol x Ls g = 685 g 
mo 


Note: The conversion factor is the equivalence, | mole of Ca(OH), aye 
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CHEMISTRY 10 i! 
MASS-TO - MOLES CALCULATIONS ’ 


Name: 


How many moles of each substance are there in each of the following samples? 
Include units and the correct number of significant digits in each case. 

1. 142 g of Cl, 

2. 117 g of NaCl 

3. 76.5 g of water, HOH 

4. 8.8 g of CO, 

5. 150 a of Mg 

Bye be2ocg cof cCu 

7. 9.81 9 of HoS0, 

8. 0.98 g of carbon monoxide 


9. 68.8 g of lithium oxide 


10. 1.36 kg of carbon tetrachloride 
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CHEMISTRY 10 
MOLES-TO-MASS CALCULATIONS 


Name: 


Find the mass in grams of each of the following samples of substances. 
Give the correct number of significant digits for each answer. 

1. 0.036 moles of oxygen gas, 05 

2. 1.5 moles of silver nitrate, AgNO, 

3. 2.1.x 10° moles of Nas0 

4. 0.0792 moles of C0 

>. 2.6 moles of Zn 

6. 4.44 moles of HNO, 

7. 9.12 moles of sodium hydroxide 

8. 1.20 moles of potassium dichromate 


9. 4.C5 moles of dinitrogen pentoxide 


10. 0.0102 moles of magnesium nitrate 


Of, YHA 


nv — 


ot one 
nish 
“ea Eda ' ay! : 
Py evel} FES 
i 
~ * ae 4 
OMe 
i é a 
a] 
7 U ae Yo" atom ' 
5 
t ais : 
oa . : > 
ij “ hal 4 7 
= 
a 
i be re 
ti 
Poy ns st 
[* hing 
2of. 
% : “wphecrbgh met - € 
§ Av 


a vie LD i 
ere ae ee 
omnes bb ncaa 
a : apne 
sq nega iia eslo 


Pe Gl 
: 
TT BO eee, 
| ae | ; 
_" «© 5 


D7 - DI0 


22 249 
CHEMISTRY 10 | Hi 
MOLE CALCULATIONS - AN OVERVIEW od 
Name: 


Solve the following. Where applicable, express your answer to the correct 
number of significant digits and in the correct units. 


1. How many moles of 0 atoms are there in 3.75 moles of (NHq) S04? 


2. How many moles of H atoms are there in 19.6 grams of H3P0,? 


3. What is the formula and molar mass of the compound sodium hypochlorite, 
an important component in bleach? 


4. Find the molar mass of octane, CoHig> a component of gasoline. 


5. Find the mass in grams of 0.0305 moles of zinc nitrate. 
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CHEMISTRY 10 


Find the number of moles of sugar molecules in 454 g (about one pound) 
of sugar. (Sugar, or sucrose, is made up of Cy 9H9904] narech vee 


How many moles of formula units are there in 454 g (about one pound) 
of table salt, NaCl? 


What is the mass of 0.0206 mole of baking soda (sodium bicarbonate)? 


A student placed a strip of copper weighing 7.96 g in an acid. 
The copper was removed after three minutes and reweighed. It then 
weighed 4.29 g. How many moles of copper reacted with the acid? 


The expression 7NH,NO3 can be used to mean either 7 formula units 
or 7 moles of ammonium nitrate. 


(a) Ifthe expression represents 7 formula units, what is the 
total number of atoms this would include? 


(b) If the expression represents 7 moles, what mass does it 
represent? 
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CHEMISTRY 10 


Use the following data to answer the next five questions. 


‘Suppose, 


—! 


a3. 


14, 


nO. 


ie 


(a) atoms of element A have a molar mass of 15.0 g/mole; 

(b) atoms of elements B have a molar mass of 41.5 g/mole; 

(c) elements A and B combine to form a molecular compound; and 
(d) two moles of A atoms combine with one mole of B atoms 


to form one mole of compound. 


Give the formula for the compound. 


What is the molar mass of the compound? 


What is the mass of 0.630 mole of this compound? 


1.00 kg of this compound contains how many moles of molecules? 


If B is more nonmetallic than A and A is named ae and B is 
named drimfline, what is the name of the compound: 
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CHEMISTRY 10 
LAB D4 MASS - MOLE RELATIONSHIPS 


Name: 

Purpose 

See mass-mole relationships Lab | 

Procedure 

1. In the data table provided record the names of samples and 
the moles of samples required as given by your teacher. 

2. As a pre-lab exercise, write formulae for the sample and 
calculate the weight of the samples required. 

3. Learn the correct technique for weighing a desired amount 
of substance. These are summarized below for your information 

4. In the lab weigh the required amount of each sample by the 
method of weighing the container then weighing the container 
plus sample. 

5. Record the weight of container and the weight of container plus 
sample in the data sheet. 

6. Label the weighed sampies and make them available for checking 


by your teacher. 


Technique for Weighing Out a Desired Amount of Substance 


A. 


B. 


Solids 
1. Pour out the approximate amount needed en a clean piece of paper. 


2. Weigh and record the weight of another clean piece of smooth paper. 


3. Adjust the balance so you obtain the additional weight of the 
solid needed. 


4. Tap the paper containing the approxinate amount gently to 
transfer the solid a little at a time onto the weighed paper 
on the balanced pan. If you should transfer too much, remove 
a few crystals with a spatula or a small piece of folded paper. 


Liquids 


1. Weigh the container. 


2. Adjust the balance so that you obtain the additional weight 
of the liquid needed. 


3. From a stock bottle pour out the approximate amount needed 
into the container. 


4. Adjust to the correct weight by adding or removing liquid 
using a medicine dropper or pipette. 
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CHEMISTRY 10 
Formula of |Required Required 
Sample Moles of Weight of 


Sample 


32. 


Teacher 
Check 
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E GRAVIMETRIC STOICHIOMETRY 1 229 
INTRODUCTION (under revision) 


Stoichiometry 


This unit is a first exposure to stoichiometry - the prediction of how much of one 
substance will react or be produced in a chemical reaction relative to the amount of 
another substance in the reaction. In this unit the amount of substances may be expressed 
as number of moles (in moles) or mass (in grams). Gravimetric stoichiometry refers to 
stoichiometry involving the measurement of weight or mass as opposed to measurement of 
solution volume or gas volume. Solution stoichiometry and gas stoichiometry will be 
studied in more advanced chemistry courses. 


Stoichiometry is a Review 


The study of gravimetric stoichiometry assumes a knowledge of Unit A (formulas of 
elements and ions), Unit B (nomenclature), Unit C ( writing balanced chemical equations 
and predicting products for chemical reactions), and Unit D (converting mass to #moles 
and #moles to mass). In many ways gravimetric stoichiometry will serve as a review of 
the first four units of this course - refer back when necessary. 


Practical Importance of Stoichiometry 
Everyday applications of stoichiometry are numerous; some of these applications are 
listed below. 


1. The gasoline to air mixture is regulated in a car or motorcycle by the carburetor. 
Proper proportions of gasoline and air are necessary for maximum power and gasoline 
mileage. 

2. Since cooking food involves chemical reactions every recipe suggests the proper 
proportion of chemicals to produce a complete reaction. For example, if the proper 
proportions of baking soda and cream of tartar are not used, some of one or the other 
will be left over (in excess). An excess of one component may adversely affect the 
cooked product. 

3. Antacid tablets may be harmful if taken in excess. Each antacid tablet contains a 
certain amount of sell which neutralizes stomach acid. If too many tablets are 
taken, too much stomach acid is destroyed and proper digestion can not occur. 
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et CHEMISTRY 10 
MOLE-MOLE STOICHIGETRY 
NAME: 


Balance the following equations ¢ 
the table following ay: RauseteH use the ratio obtained to complete 
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El CHEMISTRY 10 VW. it 
STOICHIGETRIC CALCULATIONS 
NAME: 


nN RC 


Calculations based on quantities of substances involved in chemical 
reactions are known as stoichiometric calculations. Suppose two 


substances A and B combine to form a third substance C according to 
the reaction: 


2A + B—2C 


We wish to know the mass of B(desired substance) which will react with 
a measured quantity of A(starting substance). The solution to this 
type of problem consists of four steps. 


Sse Write the balanced chemical equation. 
2A + B=—>2e 


STEP II: Convert mass of substance A(starting substance) to moles. 


tk Hass (Oton = __ grams 
moles of A =< orar mass of A ~ “grams/moTe 


STEP III: Use the coefficients in the balanced equation to determine 
the number of moles of B(desired substance) needed to com- 
bine with the moles of A(starting substance) calculated in 


Step II. 
moles of B(desired substance) _ 1 
moles of A(starting substance) 2 


or, in this case, 


moles of B (desired substance)=4 x moles of A (starting 
substance) 


STEP IV: Convert moles of B to mass of B. 
mass of B = moles of B x molar mass of B 
= moles x grams/mole 


The four general steps are summarized in the following STOICHIOMETRY 
FLOW CHART: 
STEP 1: Write the balanced chemcial equation 


GIVEN REQUIRED 
mass Of B 
(desired 
substance) 
nn A 
: ss of B = moles x molar 
STEP a moles of A - mass STEP 4: ma pace 


~ from Tiger? 
of —_—-> 
oi BALANCED sane B 
A equation 


“molar mass 
- STEP 3: mole 


ratio obtained 
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CHEMISTRY 10 ibs “— 
EXAYPLE #1 OF STOICHIGVETRIC CALCULATIONS » 


NAME: 
sna sir TINT EN SE Ste 


Hydrogen gas, Hos reacts with oxygen gas, 045 to produce 
water vapour, Ho0. 8.08 grams of H, will react with 
what mass of 0, to produce H,0. 


Write the balanced chemcial equation. 
2 Ho + 0, ——> 2H,0 


: Convert mass of Ho to moles of Ho. 


mass 


e ; as 28. 08 rg 
moles of Hp “notar mass | ~2002 g/mol 


= 4.00 mol 


:Use the coefficients in the balanced equation to determine 


the number of moles of 0, that will combine with 4.00 moles 
ofan. 
2 


moles of 0, 1 
moles of H, aie 


moles of 0, =+ x 4.00 mol = 2.00 mol 


Convert moles of 0, to mass of 0.. 


mass of 0, = moles x molar mass 
2.00 mol x 32.0 g/mol 


64.0 g 


8.08 grams of H, will react with 64.0 grams of 0, to 
produce H,0. 
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13. 


CHEMISTRY 10 
EXAYPLE #2 OF STOICHIGMETRIC CALCULATIONS 


NAME ; 


: Methane, CHa» burns to produce water, Ho0, and carbon 


dioxide, C0.. What mass of CH, is needed to produce 

9.00 grams of H,0? 

Write the balanced chemical equation. 
CH, + 0, —y 2H0 + C0, 


: Convert mass of 10 to moles of Ho. 


moles of H,0 = __mass = "39. 00v¢g 
molar mass 18.0 g/mol 
= 0.500 mol 


':;Use the coefficients in the balanced equation to 


determine the number of moles of CH, needed to produce 
0.500 mole of H,0. 


moles of CH, ] 


moles of Ho0 ne 


moles of CH, = x 0.500 mol = 0.250 mol 


Convert moles of CH, to mass of CH,. 


mass of CHy = moles x molar mass 
= 0.250 mol x 16.0 g/mol 


4.00 9 


9.00 grams of H,0 may be produced by the complete 


combustion of 4.00 grams of CH,. 


(as rt oa - 
‘iidisipo Teste ial ea 
At See a 


— yo 2aTout ones 2 


ov norte hoonsled ent nh etastot 
opuboiy of DARAN i) to 2efom bik oer 2 


yee 
2eutl (6Tonr i ae 2 yom | 


, bome 0.81 x fom es 


iz 4. Le rar Q 
ste a boven ot va Ol 


zal CHEMISTRY 10 4. = 
GRAVIMETRIC STOICHICNETRY PROBLEMS 


NAME: 


Answer _the following problems. 


Refer to Chemical Reactions Lab III-Unit C for the equations for the 
following reactions. 


Show all calculations in the space provided. 


1. 48.6 grams of magnesium, Mg, will produce how many moles of 
magnesium oxide, Mg0, when reacted with excess oxygen? 


2. What mass of candle wax, assume Co-Hp5, when burned in 0, is needed 
to produce 12.5 moles of C04. 


3. 4.00 grams of methane, CH,, will require how many ONS eT a eae 


for complete combustion? 
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4. If 5.00 moles of water, H 
product will be formed? 


99s are decomposed, what mass of each 


5. If 0.200 moles of calcium hydroxide, Ca(CH)., are produced, what 
mass of caicium, Ca, must have reacted with water? 


6. What mass of chlorine, Clo, is needed to produce 63.5 grams of I., 
when chlorine reacts with Nal? 
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7. What mass of zinc is required to react with sufficient hydrochloric 


acid to produce 16 grams of hydrogen, Ho? 


8. What mass of iron will combine with sufficient oxygen to yield 
16.0 g of iron(III) oxide? 


9. What mass of yellow PbI., precipitate will be produced when 
6.62 g of Pb(NO3). reacts with excess Nal? 
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10. If 288 grams of cobalt(II) hydroxide are produced, what mass 
of sodium chloride must also have been produced when cobalt(II) 
chloride reacts with sodium hydroxide? 


11. If 18.6 g of cobalt(II )nitrate, Co(NO3)»; are reacted with 
sufficient sodium hydroxide, NaOH, what mass of the precipitate, 
cobalt hydroxide, will form? 


12. If 624 grams of barium chloride react with 486 grams of sodium 
chromate, what is the total mass of all products produced? 
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13. If 54.1 grams of iron(III) chloride combine with exactly 40.0 


grams of sodium hydroxide, what is the mass of each product 
formed? 


14, What mass of sodium nitrate will combine with 100 grams of 
potassium chloride? 


15. What mass of each of NaQH and HoS04 are necessary to produce 
23.8 grams of NaS0,? 
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El CHEMISTRY 10 . 
GRAVIMETRIC STOICHIOMETRY 


NAME: 


Solve the following problems. Show all calculations in the space provided. 


1. A student wishes to prepare silver chloride according to the 
_ following balanced equation: 


BaCl, + 2AgNO, —> 2AgCl + Ba(NO 


3)2 


Predict the mass of BaCl, and the mass of AgNO. needed to produce 
2 3 
57.4 grams of AgCl. 


i lfate 
t ces 19.09 grams of zinc metal in a copper su 
e: fete | nae copper’ metal and zine sulfate. After 24 hours 
the zinc strip is removed and its mass 1s recorded as 6.00 Sars - 
Predict the mass of copper metal which should be produced by this 


reaction. 
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GRAVIMETRIC STOICHIOMETRY ™ 


NAME: 


3. 4.80 grams of methane are burned in the lab. Predict the mass of 
carbon dioxide which this mass of methane should form. 


4, 100 grams of ferric sulfate are mixed with what mass of calcium 
nitrate to give a double replacement reaction? 


2 
5. A manufacturer wishes to produce one ton (approx. 9.08 x 10°kg) 
of ammonia by the Haber process. 


9 9 => eNH, 


i i i uired 
Assuming that sufficient N, 1s available, what mass of H, 1s req 


ia? 
to produce the required amount of ammonia: 
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CHEMISTRY 10 a 
LAB III - UNIT E 


THE REACTION OF SOLID COPPER WITH AQUEOUS SILVER NITRATE - A SINGLE 
REPLACEMENT REACTION, 


NAME: 


Materials 


- vial containing silver nitrate 

- length of heavy gauge copper wire 
- centigram balance 

- wash bottle containing distilled water 
- large beaker (400 ml or larger) 

- 250 ml beaker 

stirring rod 

- watch glass 

- ring stand 

- funnel holder 

- filter funnel 

- piece of quantitative filter paper 
- smal] quantity of steel wool 


mt st ts es os os ss 
t 


Procedure First day (30 minutes). Record all measurements. 


Record the number of your centigram balance. 

Weigh the vial containing silver nitrate (tol). Olea) 
Pour the silver nitrate crystals into the 250 ml beaker. 
Weigh the empty vial (to 0.01 g). 

Rub the copper wire with steel wool to clean its surface 
Of oxides or lacquer. des ignatet 

Weigh the copper wire (to 0.01 g). 
Ebr the copper wire into a coil about 10 cm long with a 
20 cm handle. This can be done by wrapping it around a 


small test tube. sxx 


NO OPwNr— 
e o e e ° e ° 


8. Add about 125 ml of distilled water to the silver nitrate 
" “tn the beaker. (Beaker should be about 1/2 fille see 
9. Stir the mixture with a glass pu cy al ats ae 
i crystals dissolve completely. Rinse 
a ee aetna 
: oi] of copper into the $s} 
- bec ote ppseriat iene for the first few minutes of the 


ia. Petet the beaker with your initials, cover with a watch glass, 
and put the beaker awav until next dav. 
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CHEMISTRY 10 " 
LAB III - UNIT E ‘. 


NAME: 


Procedure (Continued) Second Day (20 minutes) 


i. 
ie. 


14. 


iD; 
ir. 


7. 


18. 
ao. 


20. 


The reaction has now stopped. Write your visual observations 
about the contents of the beaker. 

Remove the copper coil from the solution, hold it over the 
beaker, and use your wash bottle to rinse any particles of 
Silver (that may be sticking to the coil) into the beaker. 
Allow the copper to dry on a paper towel. Weigh the copper 
(to 0.01 g), then discard it. : 

Weigh a clean piece of filter paper (to 0.01 g). 

Set up a filtration system (as demonstrated) and filter out 
the silver crystals from the mixture in your beaker.Catch the 
filtrate in your large beaker. The filtrate is the clear 
solution that has gone through the filter paper. 

Wash the silver with distilled water several (4-5) times, 
allowing complete draining after each wash. 

Discard the filtrate. 

Carefully remove the filter paper containing silver crystals 
from the funnel and place it in the 250 ml beaker again. 

Make sure the beaker is labelled clearly and place it ina 
drying system until next day. 


Procedure - Third day (10 minutes) 


et. 


ee, 
7. 


Remove the dry silver crystals together with the filter paper 
from the beaker and weigh (to 0.01 g) the filter paper plus 


crystals. ; 
piece the silver into a designated beaker as instructed by 


your teacher. 
Clean up your work area. 


OBSERVATIONS 
Furst day:. jbalance number a.ete.4 


mass of vial and AgNO3 _ 


mass of empty vial 
mass of Cu wire before reaction 


Visual Observations 
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CHEMISTRY. 10 ms 
LAB III - UNITE 
NAME: 


Second day: 
Visual Observations 


mass of Cu wire after reaction 
mass of filter paper 
Third day: 


mass of filter paper plus Ag : 
CALCULATIONS AND QUESTIONS. Show all work! 


1. Find the mass of your AgNO. sample. 


2. Find the mass of Cu that was used up in the reaction. 


3. Find the mass of Ag produced. 


roceeds slowly for a few hours and then stops. 


seme coc tN f the amount of reactants used. 


Explain why it stops in terms 0 
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CHEMISTRY 10 a 
LAB IIT - UNIT E 


NAME: 


SS SNES 


5. Write a balanced chemical equation for the reaction that 
takes place. 


NOTE: The mass of silver produced can be predicted by a stoichiometry 


calculation starting either from the amount of AgNO. that reacted 
or the amount of Cu that reacted. zs 


6. Based on the amount of silver nitrate that reacted, predict the 
mass of silver that should form in your reaction. 


Optional 
7.(a) Based on the amount of copper that reacted, predict the mass 
of silver that should form in your reaction. 


(b) Compare your answers from 6 and 7 (a) 


mass of silver actually produced in your reaction 


8. How does the redicted in your calculation? 


compare with the mass Pp 
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CHEMISTRY 10 
LAB III - UNITE 


25. 240 
NAME: 


(OPTIONAL) Calculate the per cent yield of silver for your 
reaction. 


% yield = actual mass Ag produced x 100 


predicted mass of Ag 


ede x 100 = 


The copper nitrate formed in this reaction was dissolved in 
water and was discarded in the filtrate. It could have been 
collected and weighed by carefully boiiing away all of the 
water, but this is a long process. 


Based on the mass of Ag that you produced, calculate the mass of 
Cu(NO,), that you produced. 
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CHEMISTRY 10 i 


LAB IV - UNITE 
NAME: 


THE REACTION CIN WATER SOLUTION) OF LEAD (ID NITRATE WITH 
POTASSIUM IODIDE. DOUBLE REPLACEMENT, 


Materials 


1 - vial containing potassium iodide Sample 
1 - centigram balance 

1 - piece quantitative filter paper 
2 - 250 ml beaker 

1 - 400 ml (or larger) beaker 

2 - stirring rods 

1 - wash bottle of distilled water 
1 = watch glass 

1 - spatula or scoopula 

1 - ring stand 

1 - filter funnel 

1 - funnel holder 


Procedure 
DAY_1: ( 30 minutes) 


. Record your balance number. ee 

. Weigh the vial containing potassium iodide (to 0.01 g). 

- Pour the potassium iodide into a clean dry 250 ml beaker. 

Label this beaker ae Moles 

. Weigh the empty vial (to 0.01 g).  _ 

Weigh out ae 3.00 grams of lead(II)nitrate. Refer to 
your Unit D guide sheet on weighing out a solid sample. Take 

a small amount of lead (II) nitrate (about 1 teaspoon) from the 
stock bottle on a clean piece of paper. Carry the lead (II) 
nitrate on the paper to the work area. 

6. Weigh a clean, dry piece of paper on your balance, then i 
advance the weights (or dial) by exactly 3.00 grams. Now a ' 
the solid chemical slowly with a scoopula until the balance reads 


level again. Discard any excess. 
i Pour the lead (II) nitrate into a clean 250 ml beaker. Label 


Ss. Pero. 160 ml (no more) of distilled water to pre os 
and stir each until the solids dissolve completely. Wash o ne 
the stirring rods into the respective beakers as you ee : : 

9. Pour the contents of beaker elie beaker #2. Rinse beake 
into beaker #2 with your wash bottie. — 

ate your visual observations about this (sce ee pee 
that forms from a reaction between solutions like tn 


on & GW RO — 


te. — « . ° . 
Le eee Label it with your initials and put it away 


until next day. 
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LAB IV - UNITE 


DAY 2: ( 20 minutes) 


12. 
EG 


14. 
os 
16. 


Weigh a clean piece of filter paper. 


NAME: 


set up a filtration system and filter out the yellow lead (id) 


iodide from the mixture in beaker #2. 


If the yellow solid sticks 


to the beaker, you can loosen it with a stirring rod or rubber 


policeman. 
When you have all the PbI 
it 4-5 times with distilléd water. 


Carefully remove the filter paper containing PbI 
funnel, and place it back in beaker #2 to be driéd. 


transferred to the filter paper, wash 


from the 


Place the beaker containing the filter paper and PbI, into a 
drying apparatus. Make sure the beaker is clearly 1bel led. 


DAY 3: ( 10 minutes) 


17. Carefully remove the filter paper containing PbI., from the 
beaker and weigh the paper plus PbI, to 0.01 g). 


18. 


Clean your work area. 


OBSERVATIONS 


Day 1: balance number 


mass of sample vial plus KI 
mass of empty sample vial 


mass of paper plus Pb(NO,), ———______— 


mass: of paper > = 


Day 2: mass of filter paper _______E 


Day 3: mass of filter paper plus Pbl, ———HH-W 


CALCULATIONS AND QUESTIONS (Show all work) 


Find the mass of KI in your initial sample. 


iy 


Zh 


Find the mass of Pbl, produced. 


3, Find the number of moles of KI in your initial sample. 


4, 


Find the number of moles of Pb(NO3). 


in your initial sample. 
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CHEMISTRY 10 28, 
LAB IV - UNITF 


RANE: het ee ee 


Write the balanced equation for this reaction 


+ > et Se re ee eee eT fe 
precipitate 


(OPTIONAL) Which reactant is the "limited reactant"? 


From the amount of KI in your sample predict the mass of 
Pbl., that should form in this reaction. 


(OPTIONAL) Can you use the amount of Pb(NO3), in your sample 
to predict the amount of PbI., that will form? If not, why not? 


From the amount of KI in your initial sample, calculate the mass 
of Pb(NO3). needed to completely react with this much KI. 


(OPTIONAL) Use % yield to compare your yield of Pbl, (actual) 
with the amount predicted in calculation vie 


actual yield PbI x 100 
predicted yield Pb, 


ee os 


% yield = 


2h3 
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